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ADVERTISEMENT. 



The Council of the Astronomical Society of London take this oppor- 
tunity of acquainting the public, that a Committee is, from time to 
time, appointed to consider and report on the Papers read before the 
Society : and the Council afterwards select such as they judge most 
proper for publication in the Memoirs. The grounds of their choice 
are, and will continue to be, the importance or singularity of the 
subjects, or the advantageous mode of treating them ; without, how- 
ever, pretending to answer for the certainty of the facts, or the pro- 
priety of the reasonings, contained in the several Papers so published ; 
which must still rest on the credit or judgment of their respective 
authors. 

It is therefore necessary to remark that the thanks, -! which :#re. 
usually proposed from the Chair, to be given to the aptfaobg^ 
Papers as are read at their accustomed meetings, or'td-'t^'pei^dns 
through whose hands they receive them, are to be considered iii jlo 
other light than as a matter of civility, in return for the respect shown 
to the Society by those communications. 
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ADDRESS OF THE SOCIETY, 

EXPLANATORY OF 



THEIR VIEWS AND OBJECTS. 



Circulated prior to their First Public Meeting, 



\c^Mept\ 



In a country like Great Britain, in which the sciences in general are dili- 
gently cultivated/ and Astronomy in particular has made extensive progress 
and attracted a large share of attention, it must seem strange that no Society 
should exist peculiarly devoted to the cultivation of this science; and that 
(while chemistry, mineralogy, geology, natural history, and many other im- 
portant departments both of science and of art are promoted by associated 
bodies, which direct, while they stimulate, the highest exertion of individual 
talent) Astronomy, the sublimest branch of human knowledge, has remained 
up to the present time unassisted by that most powerful aid ; and has relied for 
its advancement on the labours of insulated and independent individuals. 

It may be conceived by some, that astronomy stands less in need of assistance 
of this kind than any other of the sciences ; and that, in the state of perfection 
which its physical theory has already reached, its ulterior progress may safely 
be intrusted to individual zeal, and to the great national establishment exclu- 
sively appropriated to celestial observations ; or, at all events, to those public 
Institutions and Academies in all civilized nations, whose object is the general 
cultivation of the mathematical and physical sciences. It may therefore be 
necessary to state the useful objects which may be accomplished, and the im- 
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pediments which may be removed, by the formation of a Society devoted 
solely to the encouragement and promotion of Astronomy. 

Owing to the great perfection which the construction of optical instruments 
has attained in England, and the taste for scientific research universally pre- 
valent, there have arisen in various parts of the kingdom a number of private 
and public observatories, in which the celestial phenomena are watched, and 
registered with assiduity and accuracy, by men whose leisure and talents pecu- 
liarly adapt them for such pursuits : while others, with a less splendid esta- 
blishment, but by the sacrifice of more valuable time, pursue the same end 
with equal zeal and perseverance. Considerable collections of valuable obser- 
vations have thus originated ; by far the greater part of which, however, owing 
to the expense and difficulty of publication and various other causes, must 
inevitably perish, or at least remain buried in obscurity, and be lost to all useful 
purposes ; unless collected and brought together by the establishment of a 
common centre of communication and classification, to which they may respec- 
tively be imparted. 

This great desideratum, it is presumed, will be attained by a Society founded 
on the model of other scientific institutions, having for one of its objects the 
formation of a collection or deposit of manuscript observations, &c. open at all 
times to inspection ; to which the industrious observer may consign the result 
of his labours, with the certainty of their finding a place, among the materials 
of knowledge so amassed, exactly proportioned to their intrinsic value. At the 
same time it will thus be rendered practicable to form a connected series from 
a mass of detached and incomplete fragments ; and the society will render a 
valuable service to science, by publishing, from time to time, from this collec- 
tion, such communications or digests as seem calculated, by their nature and 
accuracy, either to supply deficiencies, or to afford useful materials to the 
theoretical astronomer. 

It will also be an object worthy of the society, to promote an examination 
of the heavens in minute detail ; by parcelling them out, in portions of a very 
moderate extent, among those members who may find leisure and inclination 
to direct their attention more peculiarly and constantly to such portions (selec* 
tion being made as to those which may best accord with the situation of their 
observatories and their own general convenience) ; thereby to ascertain the 
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places, and if possible the proper motions, of all the objects, large or minute, 
which may fell within their respective limits ; and to pass them continually in 
feview, so that no new celestial body of a cometary or planetary nature, tra- 
versing their boundaries, may escape detection. For, amongst the vast multi- 
tude of similar objects which are scattered over the wide expanse of the heavens, 
and which equally solicit and distract the attention of the insulated observer, no 
one of them in particular can be expected to undergo any very rigorous exami- 
nation, unless distinguished by magnitude or some peculiarity of appearance. 

The knowledge of our own peculiar system, and that more extended branch 
of astronomical science to which the name Cosmology is best adapted, may 
alike be benefited by this division of labour, and systematic mode of examina- 
tion. In the planetary system, a wide field of investigation has of late been 
opened by the discovery of some links in the chain of connexion which no doubt 
exists between bodies of a cometary and planetary nature. And it is possible 
that some bodies, of a nature altogether new, and whose discovery may tend 
in future to disclose important secrets in the system of the universe, may be 
concealed under the appearance of minute stars, no way distinguishable from 
others of a less interesting character, but by the test of careful and often re- 
peated observations. Indeed it is worthy of notice, that, of the five small bodies 
lately ascertained to be permanent members of our system, four were disco- 
fered in the short space of seven years, by the partial adoption, on the conti- 
nent, of this very plan of separate examination ; which seems indeed to have 
been first suggested by the late Rev. P. Wollaston, This diligent astronomer, 
in a paper published in the Philosophical Transactions for 1784, thus remarks : 
" The first idea which occurred to me was to make a proposal to astronomers 
" in general, that each should undertake a strict examination of a certain 
" district in the heavens ; and not only by a re-examination of the catalogues 
" hitherto published, but by taking the right ascension and declination of 
u every star in their several allotments, to frame an exact map of it, with a 
"corresponding catalogue; and to communicate their observations to one 
" common centre. This is what I should be glad to see begun. Every astro- 
" nomer must wish it, and therefore every one should be ready to take his 
" share in it." In fact, Mr. Wollaston not only proposed the plan, but, as fer 
•s an individual could do so, put it in execution, by undertaking the examina- 
tion of the circumpolar regions himself. 

b 2 
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Beyond the limits however of our own system, all at present is obscurity. 
Some vast and general views oh the construction of the heavens, and the laws 
which may regulate the formation and motions of sidereal systems, have, it is 
true, been struck out ; but, like the theories of the earth which have so long 
occupied the speculations of geologists, they remain to be supported or refuted 
by the slow accumulation of a mass of facts : and it is here, as in the science 
just alluded to, that the advantages of associated labour will appear more emi- 
nently conspicuous. 

One of the first great steps towards an accurate knowledge of the construction 
of the heavens, is an acquaintance with the individual objects they present : in 
other words, the formation of a complete catalogue of stars and of other bodies, 
upon a scale infinitely more extensive than any that has yet been undertaken ; 
and that shall comprehend the most minute objects visible in good astronomical 
telescopes. To form such a catalogue, however, is an undertaking of such 
overwhelming labour, as to defy the utmost exertions of individual industry. 
It is a task which, to be accomplished, must be divided among numbers : but 
so divided as to preserve a perfect unity of design, and prevent the loss of 
labour which must result from several observers working at once on the same 
region, while others are left unexamined. The intended foundation of an 
observatory at the southern extremity of Africa, under the auspices of the 
Admiralty, may serve to show the general sense entertained of the importance 
of this subject, and the necessity of giving every possible perfection to our 
catalogue of the fixed stars. Deeply impressed also with the importance of 
this task, and fully aware of its difficulty, the Astronomical Society might call 
upon the observers of Europe and of the world to lend their aid in its prosecu- 
tion. Should similar institutions be formed in other countries, the Astronomical 
Society (rejecting all views but tljat of benefiting science) would be ready and 
desirous to divide at once the labour and the glory of this Herculean attempt, 
and to act in concert together in such manner as should be judged most con- 
ducive to the end in view. 

Another beneficial result to be expected from this institution is the diffusion 
of a spirit of inquiry in practical astronomy ; and, as a necessary consequence, 
a corresponding diffusion of a general knowledge of the mode of performing 
and computing astronomical and geodesical observations, and of the use of 
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instruments ; especially such as are likely to be found in the hands of travellers 
nautical men, and others who may be placed in interesting situations in remote 
parts of the world. Widely scattered as Englishmen are, over the surface of 
the globe the advantages which might accrue to science from a more general 
d.flus.on of such knowledge, are incalculable : yet it is painful to reflect in how 
few cases comparatively, among the numbers of our countrymen whose pro- 
spects mhfe lead them to distant climates, the actual use of even the simplest 
astronomical instruments and tables has formed a part of their education or 
study In a national point of view, every thing which may tend to diffuse a 
knowledge of practical astronomy is obviously of the utmost importance on 
account of its application to nautical purposes. Besides which, the difficulty 
ot finding practical observers calculated to fill situations as assistants in obser- 
vatories, m expeditions of discovery, or on other occasions, at moderate sala- 
ries, has been felt in various instances. Were there establishments in our 
universities and other places of public education, in which young men mi-nt 
be taught the use of astronomical instruments and tables, not only would the 
theoretical knowledge of astronomy which they are led to acquire in those 
admirable establishments make a deeper impression, but a greater number of 
good observers would thus be annually trained up, to the great benefit not only 
of themselves but of their country. It is understood that at the Royal Military 
Seminaries some establishment of this kind exists. 

It is almost unnecessary to enumerate the advantages likely to accrue from 
the encouragement which an Astronomical Society may hold out : but among 
others may be mentioned the. perfecting of our knowledge of the latitudes and 
ong,tudes of places in every region of the globe; the improvement of the 
lunar theory, and that of the figure of the earth, by occultations, appulses, and 
eclipses simultaneously observed in different situations; the advancement of 
our knowledge of the laws of atmospherical refraction in different climates by 
corresponding observations of the fixed stars ; the means of determining more 
correctly the orbits of comets by observations made in the most distant parts 
of the world : and in general, the frequent opportunities, afforded to a society 
holding extensive correspondence, of amassing materials which (though sepa- 
rately of small importance) may by their union become not only interesting at 
the present time, but also valuable as subjects of reference in future. 

By means of Corresponding Members, or Associates, in distant countries, 
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the society may hope to unite the labours of foreign observers with their own ; 
and by thus establishing communications with eminent astronomers and insti- 
tutions in all parts of the world, to obtain the earliest intelligence of new dis- 
coveries or improvements ; which it may, perhaps, be desirable to circulate 
among such of its members as may profess themselves anxious to receive it, 
without loss of time. 

The circulation also of notices of remarkable celestial phenomena about to 
happen, (with the view of drawing the attention of observers to points which 
may serve important purposes in the determination of elements or coefficients,) 
may form another, and perhaps not the least interesting object of the society. 
To have the same phaenomena watched for by many observers, in a climate so 
uncertain as our own, is the only sure way of having them observed by some : 
and moreover, the attention of an astronomer may frequently be aroused by a 
formal notice, especially when accompanied with directions for observing the 
phenomenon in the most effective way, when probably the mere ordinary 
mention of it in an ephemeris might fail to attract his observation. 

One of the collateral advantages of a society including many practical astro- 
nomers among its members, (but which will appear of no small importance to 
those who possess good instruments,) will be the mutual understanding which 
will be propagated among amateur astronomers, by frequent meetings and 
discussion, as to the relative merits of their instruments ; and as to the talents 
and ingenuity of the various artists both of our own and of foreign nations : not 
to mention the emulation which this must naturally excite to possess the best 
instruments ; and the consequent tendency of such discussion towards a further 
improvement in their construction, or to the discovery of new ones. Well 
made instruments will thus unavoidably acquire a reputation, not merely among 
a few eminently skilful observers in Britain, but throughout the whole astro- 
nomical world : and individuals, who have at great expense and trouble amassed 
a collection of valuable ones, will thus be spared the mortification of knowing 
that they may at some future time be put up to sale and be disposed of for a 
half or a third of their value, for want of their merits being known ; a consi- 
deration which probably has some weight with those who may be collecting 
instruments at an advanced period of their life. 

As the extent of the funds of the society must depend on the number of its 
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members, it is impossible to conjecture at present how far its views respecting 
their application may extend. Besides the ordinary expenses attending an 
institution of this nature, the annual or occasional publication of communicated 
observations ; — the payment of computers employed in the reduction and ar- 
rangement of observations, or in computing the orbits of new planets, comets, 
or other interesting bodies; — the formation of an extensive astronomical 
library, not only of manuscript but also of printed books ; — and perhaps, at 
some future period, the proposal of prizes for the encouragement of particular 
departments of the science, either theoretical or practical ; or for the improve- 
ment of astronomical instruments, or tables, — may be mentioned as worthy 
objects on which they may be bestowed. 

Such are the principal considerations which have actuated a number of indi- 
viduals to form themselves into a society under the name of the Astronomical 
Society of London, and to give this publicity to their determination, with 
a view of inviting others to unite in the prosecution of their plans. They .have 
at their very commencement met with the most flattering success, which in- 
duces them to hope that, in a short time, every assiduous cultivator of the sci- 
ence will be found to have added his name to the list of members. 

The objects of the original members may be sufficiently gathered from what 
has been already said, and may be thus summed up in few words : viz. to 
encourage and promote their peculiar science by every means in their power, 
but especially — by collecting, reducing and publishing useful observations and 
tables — by setting on foot a minute and systematic examination of the heavens 
— by encouraging a general spirit of inquiry in practical astronomy — by esta- 
blishing communications with foreign observers — by circulating notices of all 
remarkable phenomena about to happen, and of discoveries as they arise — 
by comparing the merits of different artists eminent in the construction of 
astronomical instruments — by proposing prizes for the improvement of par- 
ticular departments, and bestowing medals or rewards on successful research 
in all— and finally, by acting as far as possible, in concert with every institu- 
tion, both in England and abroad, whose objects have any thing in common 
with their own ; but avoiding all interference with the objects and interests 
of established scientific bodies. 
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REGULATIONS OF THE SOCIETY. 



Section I. — Of its Object. 

The Astronomical Society of London is instituted for the encouragement 
and promotion of Astronomy. 

Section II. — Of its Constitution. 

1. The Astronomical Society shall consist of Members, and Associates : but 
no person shall be eligible as an Associate, who is a British subject, or whose 
usual place of residence is in any part of the British dominions. 

2. The Officers of the Society shall be chosen out of the Members, and shall 
consist of a President, four Vice-Presidents, one Treasurer, and three Secre- 
taries ; who, with eight other Members, shall constitute a Council for the ma- 
nagement and direction of the affairs of the Society i 

Section HI. — Of the Election of tfie Officers and Council. 

1. The President, Vice-Presidents, Treasurer, Secretaries, and the other 
eight Members of the Council, shall be elected annually by ballot, at the gene- 
ral meeting in February. 

2. No Member, who has filled the office of President or Vice-President for 
two successive years, shall be again eligible to the same situation, until the ex- 
piration of one year from the termination of his office. 

3. Pour only, of the eight Members of the Council who may have served 
during any one year, shall be re-eligible for the ensuing year. 

c 
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Section Vf.—Ofthe Election, Admission and Expulsion of Members. 

1. Every person, desirous of admission into the Society as a Member, must 
be proposed and recommended agreeably to the form No. 1. in the Appendix 
hereto; wherein must be inserted the Christian name, Surname, Rank, Pro- 
fession,' and usual place of residence of the candidate : and which form must 
be subscribed by three or more Members, one of whom, at least, must certify 
his personal knowledge of such candidate. 

2. Every recommendation of a proposed Member or Associate must be deli- 
vered to one of the Secretaries, and read at one of the ordinary meetings of 
the Society ; after which it shall be hung up in the meeting-rooms of the So- 
ciety, and there remain until the candidate is balloted for. 

3. The ballot shall take place on the second ordinary meeting after that on 
which the candidate is proposed : except in the case of peers and their eldest 
sons, and of foreign princes and ambassadors, who shall be balloted for, at the 
meeting at which the recommendation is delivered to the Secretary, provided a 
sufficient number of Members be then present. 

4. No person shall be considered as elected, unless he have in his favour at 
least three-fourths of the Members voting. 

. 5. If it should appear upon the ballot that the person proposed is not elected, 
no notice shall be taken thereof in the minutes. 

6. Whenever a person is elected a Member or Associate, one of the Secre- 
taries shall inform him of the same, by letter, as soon as possible. 

7. Every person, elected a Member, shall pay his first annual contribution 
within two calendar months of the day of his election ; otherwise his election 
shall be void : but the Council shall, in particular cases, have the power of ex- 
tending the period within which such first annual contribution shall be paid. 

8. Every elected Member, having paid his first annual contribution, and 
having subscribed the form No. 2 in the Appendix hereto, shall be admitted 
at the first ordinary meeting at which he is present, according to the ensuing 
form : viz. the President (or other Member in the chair for the time being) 
addressing him by name shall say, tf In the name of the Astronomical Society 
" of London, I admit you a Member thereof." 

9. But when an elected Member, residing at a distance from the metropolis, 
limy not be able to attend the meeting of the Society, he may be admitted by 
a proxy nominated by himself. In which case, the first annual contribution 
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being paid and the form No. 2 subscribed, the President, (or other Member in 
the chair for the time being,) addressing such proxy by name shall say, <e In 

" the name of the Astronomical Society of London, I admit a Mem- 

" ber thereof." 

10. Whenever there may appear cause for the expulsion of any Member, 
or Associate, from the Society, the Council may call a special general meeting 
of the Society for that purpose : and if three-fourths of the members then pre- 
sent agree that such Member or Associate be expelled, the President, or other 
Member in the chair for the time being, shall declare the same accordingly. 

Section V. — Of the Contributions of Members. 

1. The contribution of each Member, residing within fifty miles of the me- 
tropolis, shall be four guineas for the first year, payable at the time of his elec- 
tion ; and two guineas for every subsequent year : the first of such subsequent 
cpntributions to become due and be payable in advance on the 8th day of Fe- 
bruary then next following, and the succeeding ones, also in advance, on the 
8th day of February in every subsequent year. 

% Every Member, not having a residence within fifty miles of the metro- 
polis at the time of his election, shall, on the payment of eight guineas at the 
tiqie of his election, be exempted from the subsequent annual contributions : 
but, should he afterwards have a residence within that distance of the metro- 
polis, he shall, from that time, be liable to the annual contributions, like other 
resident Members. 

3. Every Member, admitted as a resident Member, who may afterwards 
cease to have a residence within fifty miles of the metropolis, shall, on applica- 
tion to the Council and on the payment of the additional sum of four guineas, 
be exempted from the payment of the annual contributions for the subsequent 
years during which he may reside beyond fifty miles of the metropolis. 

4. Every Member, ceasing to be non-resident, is required to inform the 
Council that he is become liable to the annual contributions ; on failure of 
doing which he shall cease to be a Member, if the Council shall so determine. 

. 5. Any Member may, at his entrance, compound for his contributions, by 
the payment of twenty-four guineas ; or he may, at any time afterwards, com- 
pound for his subsequent annual contributions by the payment of the sum 6f 
tvfenty guineas. 

6. Every Member shall be considered as belonging to the Society, and, as 

c2 
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such, liable to the payment of his annual contributions, until he has either for- 
feited his claim, or signified in writing to the Society his desire to resign ; 
when his name shall be erased from the list of Members. 

7. Whenever a Member shall be two years in arrears in the payment of his 
annual contributions, the name of such Member shall be delivered to the Coun- 
cil ; who shall direct one of the Secretaries to write a letter of the form No. 3 
in the Appendix hereto; and address and forward the same to such Member, 
together with a copy of the following regulation. 

8. If the arrears shall not be paid within six months after the forwarding of 
such letter, the name of the Member so offending shall be publicly suspended 
in the meeting-rooms of the Society, as a defaulter, together with the amount 
of the contributions due by him to the Society ; arid such Member shall not 
have the right to attend any meetings of the' Society, nor to enjoy any of the 
privileges and advantages thereof, until his arrears be paid. 

Section VI. — Of Associates. 

1. Every person, eminent in the science of Astronomy, not being a British 
subject, nor having a permanent residence in any of the British dominions, is 
eligible as an Associate. 

2. Every such person, proposed for admission as an Associate, must be re- 
commended by four Members ; all of whom must certify in writing, agreeably 
to the form No. 4 in the Appendix hereto, that he is a person eminent in the 
science of Astronomy, and that they have a personal knowledge of him, or are 
acquainted with his works. 

3. No person shall be considered as an Associate until he has signified his 
acquiescence in the election. 

4. Associates shall have all the rights and privileges of Members, except 
that of filling any office in the Society.. 

Section VII. — Of the Council. 

1. The Council shall have the management and direction of all the affairs 
of the Society, subject to the control of the general meetings of the Society. 

2. The Council shall meet, at the house of the Society, at least once in every 
month during the session ; but any three Members of the Council may, by 
letter to one of the Secretaries, require an extra meeting to be called. 
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3. Due notice of each meeting of the Council shall be sent by one of the 
Secretaries to every Member thereof, residing within the limits of the three- 
penny post. 

4. At any meeting of the Council three Members thereof shall constitute a 
quorum. 

5. All questions shall be decided in the Council by vote, unless a ballot be de- 
manded. The determination of the Council, whether by vote or ballot, shall, at 
the desire of any two Members present, be deferred to the succeeding meeting. 

6. The Council shall draw up a report on the state of the affairs of the So- 
ciety, to be presented at the annual general meeting. In this report shall be 
given an abstract of their proceedings during the year. 

Section VIII. — Of the Ordinary Meetings. 

1. The ordinary meetings of the Society shall be held on the second Friday 
in every month, from November to June both inclusive : and five Members 
shall constitute a quorum, except in the election of Members and Associates, 
when ten must be present. 

- 2. Business shall commence at eight o'clock in the evening precisely; when 
the minutes of the preceding evening shall be read, and the minutes of the 
Council laid on the table, to be read if required. 

3. The business of the ordinary meetings shall be to propose and ballot for 
Members and Associates ; to announce such donations as may have been made 
to the Society ; to read such communications relating to Astronomy and the 
subjects connected therewith, as may have been presented to the Society ; 
and to proceed upon any other subject which may have been authorized by 
the Council. 

4. Every Member and Associate shall have the privilege of introducing a 
visitor at any of the ordinary meetings, on writing his name in a book provided 
for that purpose. 

5. At the ordinary meetings of the Society nothing relating to its regula- 
tions or management shall be brought forward. 

Section IX. — Of the Annual General Meeting. 

A general meeting of the Society shall be held annually on the second Fri- 
day in February, at three o'clock in the afternoon, to receive the report of the 
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Council on the state of the Society, and to deliberate thereon : to discuss and 
determine such questions as may be proposed relative to the affairs of the So- 
ciety : to elect the officers for the ensuing year : and to enact, alter, or repeal 
regulations, agreeably to the recommendations of the Council 

Section X.—Of Special General Meetings. 

1. The Council may at any time call a special general meeting of the Society, 
when it seems to them to be necessary. 

2. Any five Members, who are not of the Council, may recommend the 
adoption or rejection of any measure to the Council, by a letter addressed to 
one of the Secretaries. Such recommendation the Council shall take into con- 
sideration at their next meeting : and if the decision, to which they shall finally 
come, be not satisfactory to the Members proposing the recommendation, the 
Council, if required by them or by any five Members, shall bring forward the 
same for the opinion of the Society at large, at a special general meeting to be 
held for that purpose ; and which they are hereby bound to convene within 
one month after such requisition. 

3. A week's notice shall be given to every Member, residing within the li- 
mits of the three-penny post, of the time of such meeting ; and of the business 
for which it is summoned : and no business shall be brought forward at such 
meeting, except what has been so notified. 

Section XI. — Of altering the Regulations. 

1. Whenever the Council may think it advisable to propose the enactment 
of any new regulation, or the alteration or repeal of any existing regulation, 
they shall recommend the same to the Society, at the annual general meeting 
next ensuing, or at a special general meeting convened for that purpose. 

2. Any five Members, who are not of the Council, may recommend any new 
regulation, or the alteration or repeal of any existing regulation, to the Coun- 
cil, by a letter directed to one of the Secretaries. On the recommendation 
thus made, the Council shall decide at their next meeting : and if such deci- 
sion be not satisfactory to the Members proposing the alteration, the Council, 
if required by them or by any five Members, shall bring forward the same for 
the opinion of the Society at large, at a meeting especially convened for that 
purpose. 
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3. No new regulation, nor alteration or repeal of any existing regulation, 
shall be brought forward at any meeting of the Society, except in the manner 
here directed. 

Section XII. — Of Scientific Committees. 

Committees for forwarding specific objects connected with Astronomical 
science may, from time to time, be appointed by the Council, to whom their 
Reports shall be submitted for approbation, previously to their being pre- 
sented to the Society. 

Section XIII. — Of the President and Vice-Presidents. 

1. The duty of the President shall be to take the chair at the meetings, and 
to regulate and keep order in all the proceedings of the Society : to state and 
put questions according to the sense and intention of the meeting: and to carry 
into effect the regulations of the Society. 

2. In the absence of the President, the Vice-Presidents in rotation, or in 
their absence the Treasurer, or one of the Members of the Council, shall take 
the chair and conduct the business of the meeting : and in case of the absence 
of all those officers, the meeting may elect amongst themselves any other Mem- 
ber present to take the chair at that meeting. 

Section XIV. — Of the Treasurer. 

1. The Treasurer shall receive, on account and for the use of the Society, 
all sums of money due to the Society ; and, out of those funds, pay all sums 
due by the Society. 

2. He shall keep a regular account of receipts and payments, in the mode 
which may seem most proper to the Council : who shall have the direction and 
control of the money in his hands. 

3. No sum of money, payable on account of the Society, amounting to five 
pounds and upwards, shall be paid except by order of the Council, signed by 
the President or Chairman of the meeting, and registered by one, of the Secre- 
taries. 

4. The account of the Treasurer shall be audited annually by the Council, 
who shall report at the annual general meeting the balance in hand, and the 
general state of the funds of the Society. 
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5. The Treasurer may, with the approbation of the Council, appoint a pro- 
per person to collect the annual contributions of the Members ; such collector, 
however, giving bond, with two good and sufficient sureties thereto, for the 
faithful discharge of his duty. 

Section XV.— Of the Secretaries. 

1. The duties of the Secretaries shall be to attend all meetings of the Society 
and of the Council ; to take minutes of all their proceedings, and enter them 
in the proper books provided for that purpose. 

2. Their duties at the ordinary meetings shall also be to read the minutes of 
the preceding meeting ; to announce the donations made to the Society since 
tlie last meeting ; to give notice of any candidate that is proposed for admis- 
sion, or that is to be balloted for ; and tp read the letters and papers presented 
to the Society in the order of time in which they were received, unless the 
Council shall otherwise direct. But should any person be desirous of reading 
his own paper, he shall be at liberty so to do, with permission of the President, 
or Chairman of the meeting. 

3. The Secretaries shall have the superintendance of the persons employed 
by the Society, and the management of the correspondence of the Society 
and Council : subject however to the direction and control of the latter. 

4. The Secretaries shall have the charge, under the direction of the Coun- 
cil, of printing and publishing the memoirs or other papers of the Society. 

Section XVI. — Of the Property of the Society. 

1. The whole of the property and effects of the Society, of what kind so- 
ever, shall be vested in four Trustees, for its use : one of which Trustees shall 
always be the Treasurer for the time being, and the remaining three of which 
shall be chosen at a general meeting of the Society. 

2. Every paper, which may be presented to the Society, shall, in conse- 
quence of such presentation, be considered as the property of the Society, un- 
less there shall have been any previous engagement with its author to the con- 
trary ; and the Council may publish the same in any way and at any time that 
they may think proper. But, should the Council refuse, or neglect within a 
reasonable time, to publish such paper, the author shall have a right to copy 
the same, and publish it under his own directions. No other person, however, 
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shall publish any paper belonging to the Society, without the previous con- 
sent of the Council 

3. No books, papers, instruments, or other property belonging to the 
Society, shall be lent out of the Society's house, without leave of the Coun- 
cil: but, every Member has a right, at all seasonable hours, to inspect the 
books and such papers as the Council may permit, and to take extracts there- 
from; and also to inspect the instruments, and take models therefrom, at his 
own expense. 

Section XVII. — Of Donations and Bequests. 

1. Every person, who shall contribute to the Collection, to the Library, 
or to the general Funds of the Society, shall be recorded as a Benefactor: 
his name shall be read at the annual general meeting, and shall be inserted 
in the next volume of the Memoirs there-after published. 

2. Every person, desirous of bequeathing to the Society, any Manuscripts, 
Books, Instruments or other personal property, is requested to make use of 
the following form in his will ; viz. 

"1 give and bequeath to the Trustees, for- the time being, of the 
" Society formed in London, under the title of the Astronomical Society 
" of London [here enumerate the effects or property intended to be 
bequeathed] for the use of the said Society : and I hereby declare that 
cc the receipt of the Treasurer of the said Society for the time being shall 
" be an effectual discharge to my executors for the said legacy." 

3. Every person, desirous of bequeathing to the Society, a sum of money 
or stock, either for the general purposes of the Society, or to establish a prize 
for the best production on any particular subject connected with Astronomy, 
is requested to make use of the following form in his will; viz. 

ce I give and bequeath to the Trustees, for the time being, of the 
" Society formed in London, under the title of the Astronomical Society 
" of London, the sum of for the use of the said Society, and for 

et the purpose of [here express the particular object in view, if any~] 
ff the said legacy to be paid out of such part of my personal estate as shall 
<c not consist of chattels real. And I hereby declare that the receipt of 
" the Treasurer of the said Society for the time being shall be an effec- 
(( tual discharge to my executors for the said legacy." 
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FORM, No. 1. 



A. B. [here state the Christian name, Surname, Rank, Profession, and usual place 
of residence of the candidate'] 
being desirous of admission into the Astronomical Society of London, we, the un- 
dersigned, propose and recommend him as a proper person to become a Member 
thereof. 

Witness our hands this day of 18 

i from personal 

I knowledge. 



FORM, No. % 



I, the undersigned, being elected a Member of the Astronomical Society of London, 
do hereby promise that I will be governed by the Regulations of the said Society, as 
they are now formed or as they may be hereafter altered, amended, or enlarged : 
that I will advance the objects of the said Society as far as shall be in my power *. and 
that I will attend the usual meetings of the Society as often as I conveniently can. 
Provided that whenever I shall signify in writing to the Society that 1 am desirous of 
withdrawing my name therefrom, I shall (after the payment of any annual contribu- 
tion which may be due by me at that period) be free from this obligation. 

Witness my hand, this day of 18 
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FORM, No. 3. 



Sir, 

I am directed, by the Council of the Astronomical Society of London, to 
inform you that it appears by their books, that there were two years of your annual 
contribution due on the 8th day of February last, amounting to four guineas ; the 
payment of which, to the Treasurer, as early as possible, is earnestly requested. 

I am, Sir, your obedient servant, 

■ Secretary. 



FORM, No. 4. 



We, the undersigned, having a personal knowledge of, or being acquainted with 
the works of 

[here state the Christian name, Surname, Rank, Profession, usual 
place of residence, and title of one or more of the works of the person 
proposed^] 

believe him to be a person eminent in the science of Astronomy; and therefore propose 
and recommend him as a proper person to become an associate of the Astronomical 
Society of London. 

Witness our hands this day of 18 
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REPORT OF THE COUNCIL OF THE SOCIETY 

TO THE 

FIRST ANNUAL GENERAL MEETING 
February^ 1821. 



In making this first report of their proceedings, the Council cannot but 
congratulate the Members on the success which has attended the first attempt 
to establish, in this country, a Society for the promotion of so important a 
branch of science as Astronomy. 

Notwithstanding the difficulties and delays usually attending the establish- 
ment of every institution, the efforts of the founders of this society, have been 
crowned with an accession of strength far beyond their most sanguine expec- 
tations ; and which seems likely still to increase. Meanwhile, adhering stea- 
dily to the principles laid down in the Address, circulated at its first institution, 
<c of avoiding all interference with the objects and interests of other established 
" scientific bodies," it cannot but be gratifying in the highest degree to have 
observed a reciprocity of feeling on this subject, recently expressed from the 
chair of the most eminent scientific institution which this or any other country 
can boast. 

In the infancy of the society much of the time of the Council has been 
necessarily employed in arranging the usual routine of its business : never- 
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theless, they venture to hope that, in those subjects which have come before 
them, they have laid the basis for promoting future improvements and disco- 
veries ; which, followed up with zeal and assiduity, must lead to the most 
beneficial results. 

In the science of Astronomy, where the observations of two or three thou- 
sand years, and those made in various parts of the world, have not yet led to 
the rigorous determination of many of the elements of the science, it can 
scarcely be expected that the efforts of a few individuals, hitherto confined to 
their own country, can have effected much in the short space of a twelve- 
month. But, since more can now be done in the compass of a few years than 
could be formerly effected in a century (owing in a great measure to the supe- 
rior accuracy of modern instruments, but more especially to those invaluable 
Principles of Philosophy and that refined analysis first introduced by our 
illustrious countryman) they indulge the pleasing but not unreasonable hope 
that, by the active co-operation of a whole scientific body, and the zeal and 
emulation thereby excited among astronomers of every country, the science 
will advance constantly and more rapidly towards that state of ultimate perfec- 
tion, which it is so eminently calculated to attain. 

With a view to stimulate such pursuits, the Council have ordered a die to 
be formed, for the purpose of striking Medals in bronze, silver and gold ; to 
be bestowed, as an honorary distinction, on such persons as may, from time 
to time, distinguish themselves by any material discovery, or improvement in 
the science. And, in order to direct the attention of astronomers to those 
points which appear most worthy of encouragement, they will here state some 
of the principal subjects on which they have at present decided to bestow 
such rewards. In the first place, they propose to bestow the medal, for the 
discovery of any new planet, satellite, or comet : or for the re-discovery of any 
old comet, or of any stars that have disappeared. Considering also the great 
importance (both in a nautical and in a geographical point of view) of having 
accurate observations of the eclipses of Jupiter's satellites and of occultations 
of stars by the moon, they think that the medal should be given for any con- 
siderable collection not only of original observations of this kind, but also of 
well authenticated recorded observations, reduced to the mean time of the 
meridian of some well known observatory. Observations likewise on the 
positions of the fixed stars, tending either to the enlargement and perfection* 
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of our^present catalogues, or to the more accurate determination of the variable 
ones in size,, colour, or situation ; — as well as observations on double starsj 
tending, in like manner, not only to the enlargement and perfection of the 
present catalogues, but also to the determination of their angular distance, 
and of their angle of position ; — together with observations on nebulae — appear 
proper subjects of such reward. To these may be added, observations on 
refraction, with a view to the more perfect theory of that phenomenon ; 
particularly at low altitudes, where irregularities take place, when little or no 
variation has taken place in the barometer or thermometer : — observations on 
the tides, particularly in situations where the current is not influenced by any 
contiguous continent, as will be more fully alluded to in the sequel : — obser- 
vations tending to determine the true figure of the sun, or of the earth : — 
and, in short, any observations which may be considered likely to advance 
and improve the science. 

But, it is not to observations alone that the Council would wish to confine 
the bestowing of the Society's medal. The reduction of observations when 
made is another and oftentimes a more laborious task : and, without the latter, 
the former would be of little or no service to the astronomer. To this sub- 
ject, therefore, the Council wish to invite the attention of the computer ; as 
well as to the formation of more simple and easy tables, for the reduction of 
astronomical observations, than those at present in existence. The formation 
of new tables for the more recently discovered planets, as well as more accu- 
rate tables of the sun, moon and other planets, together with those of Jupi- 
ter's satellites, is a subject too important to need the recommendation of this 
society. The comparison likewise of the places of any of these bodies, ob- 
served in the present century at any of the principal observatories, with their 
places deduced from the most approved tables, but more particularly those of 
the moon, is an object worthy of encouragement. In the latter case, how- 
ever, it would be desirable that the numerical value of the arguments of the 
principal equations should be annexed to each comparison : and that, in all 
cases, the principles on which the deductions are made should be fully and 
clearly stated. But, independent of these subjects, there are many other 
useful tables tending to facilitate astronomical calculations, some of a perma- 
nent and others of a temporary or local nature, which would be a great assist- 
ance to the practical astronomer, and worthy the patronage of this society. 
And, without , particularizing such subjects, the Council wish it to be under- 
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stood that these are amongst the objects which they are desirous to reward 
with the Society's medal 

The Council likewise wish to direct the attention of the diligent inquirer to 
. the recorded observations of preceding astronomers, not only with a view to 
discover whether any observations are to be there found of any of the more 
recently discovered planets or comets, but also with a view to the formation of 
a more complete catalogue of such stars as have, from time to time, disap- 
peared from our sight. These subjects, together with accurate and descrip- 
tive accounts of the instruments used by eminent deceased observers, in order 
to estimate the reliance to be placed on their recorded observations, might 
fairly claim some mark of distinction. 

With respect to instruments, the Council propose to bestow the medal for 
every improvement which may tend materially to advance the science. They 
would mention however, as a few amongst the desiderata, an instrument for 
determining the apparent magnitudes of the stars, or of ascertaining a correct 
scale whereby astronomers may be enabled to express themselves in one 
common language on this subject. Likewise a simple but effectual contri- 
vance for enabling an observer to determine the right ascension and declina- 
tion of small stars, without the necessity of illuminating the field of the tele- 
scope. And a method of applying the reflecting telescope to transit or circu- 
lar instruments, in as convenient and useful a manner as the refracting tele- 
scope. 

It would be impossible in a report of this kind to enumerate all the subjects 
which may be considered worthy of the Society's medal : neither can the 
Council establish any general scale for the precise distribution of the three 
kinds which it is intended to strike. Doubts may frequently arise on subjects 
of this nature : but, they trust they shall always act with liberality and impar- 
tiality, yet at the same time with a due regard to the dignity and character of 
the society, and the nature of the trust reposed in them. It may indeed 
appear extraordinary that no mention should yet have been made of the great 
desiderata of astronomy, — those questions which have exercised the curiosity 
and employed the time and attention of astronomers ever since the science has 
assumed its present character — such as the parallax of the fixed stars, their 
proper motion, the motion or rest of our own system, and its connection with 
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the rest of the universe. But these and many other points are too obviously 
suggested by their importance to need any particular notice or encourage- 
ment. The man, for whom discoveries of this class are reserved, soars far 
beyond any distinction which this society can bestow : the applause of the 
human rase attends his labours; and no additional stimulus can be offered to 
those by which he is impelled. 

The subjects of physical astronomy are so various, and of so mixed and 
complicated a nature, that the Council defer to a future opportunity their 
observations on this head. In order, however, to show their disposition to 
encourage the consideration of such subjects (unhappily too much neglected 
among the geometers of this country) they recommend the proposal of the 
Society's gold medal and twenty guineas for the solution of the following 
prize question : 

" For the best paper on the theory of the motions and perturbations 
" of the satellites of Saturn. — The investigation to be so conducted as to 
" take expressly into consideration the influence of the rings, and the 
" figure of the planet as modified by the attraction of the rings, on the 
" motions of the satellites : to furnish formulae (adapted to the determi- 
" nation of the elements of their orbits, and the constant co-efficients of 
" their periodical and secular equations) from observation : likewise to 
" point out the observations best adapted to lead to a knowledge of such 
" determination. The papers to be sent to the Society on or before the 
" 1st day of February 1823." 

And, in order to conceal the name of any unsuccessful competitor, the Council 
propose that each memoir should bear a motto ; and that a sealed paper, 
bearing the same motto, contain the name of the author. In such case, the 
name of the successful candidate only will be divulged, and the sealed papers 
of the rest will be destroyed, unopened, in the presence of the Council. The 
successful paper must be left with the Society, to be published as they may 
direct ; and the rest will be returned on proper application of the authors. 

The pecuniary resources of the society, although of course not large, are 
sufficient to answer every expense which may be incurred by the adoption of 
t,he plans recommended by the Council. The number of resident members is 

; out of which, 12 have compounded for their annual payments ; and there 
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are 37 non resident members : so that the total assets of the Society arising 
from this source are 907/. 4«. together with a present annual income of 
about 140/. subject to a further increase from the acquisition of new mem- 
bers. The report of the Auditors will state the sums actually received, and 
the sums paid by the society, together with the balance remaining*. It may 
be proper however here to mention that the whole of the compositions are, by 
a resolution of the Council, to be invested from time to time in the Navy 
S per cents, in the joint names of the trustees ; and that the payments of the 
non resident members are at present invested in East India Bonds with a view 
to a similar permanent investment : it being conceived that these two sources 
of income should be kept distinct from the annual payments. 

The expenses of the Society, up to the present time, have been very trifling, 
principally owing to the very liberal spirit exhibited by the Geological Society, 
in granting the use of their commodious apartments for the meetings of the 
Council and the Members of this Society, in the very infancy of its existence : 
and for which, this Society is bound to retain a due and grateful remem- 
brance. 



♦INCOME. *e. s. d. 

64 Subscriptions of 4 guineas each = 268 16 0 

29 do. of 8 do = 243 12 0 

12 compositions of 24 do = 302 8 0 

Div. on *£141 . 10 . 4 Navy 5 per cent. July 1820 = 3 10 0 

Div. on *g215 . 5 . 5 do Jan. 1821 = 5 7 7 



823 14 4 

Cash advanced by the treasurer 215 0 



*£826 0 4 

EXPENDITURE. 

5 India Bonds of j£l00 each = 513 12 5 

^239.0. 11 Navy 5 per cent = 247 16 0 

Printing and Stationery = 34 19 2 

Bookcase 16 16 0 

Sundry expenses — 13 5 g 



j£826 0 4 

Besides the above 5 India Bonds of a£l<X> each and the *£239 .0.11 Navy 5 per cent, in the 
join* names of the trustees, there are subscriptions, due to the Society, not yet collected, 
amounting to ^92.8.0 
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At the close of the last session, the Council received a communication from 
Capt. Basil Hall, expressing his readiness to attend to any instructions on 
subjects wherein he might be of service to the science of Astronomy, in his 
intended voyage to the South Seas. They availed themselves of the offer of 
this intelligent and enterprizing officer, and requested his attention to the 
following principal points. 

To observe, as frequently as possible, the conjunctions of the moon and 
planets with the fixed stars ; measuring with a micrometer their differences of 
right ascension and declination, or taking the measure of their distance in a 
straight line : the time and place of observation being correctly noted. 

To look out for occupations of the fixed stars by the moon ; and particu- 
larly for those which may be presumed to be of short duration, with a view to 
the illustration of the theory of Cagnoli respecting this mode of determining 
the figure of the earth. And it was remarked to him that, as the moon was 
now, and would be for some few years, in such a position with respect to her 
nodes as to pass over the Pleiades every lunation, it would be particularly 
desirable to look out for the occultations of those stars. 

To make frequent sweeps of the heavens, with a telescope having a large 
field of view and small magnifying power, for the purpose of discovering any 
comets ; and to note the progress and circumstances of the same ; making 
sketches of their appearance. The Council at that time were not in pos- 
session of the calculated place of the comet which is expected to return in 
1833. But, having since received an ephemeris of its apparent positions, 
computed by M. Encke, they will endeavour to forward it to Capt Hall, and 
request him to look out for the same : a circumstance the more to be desired, 
since it is expected to assume a different appearance in the southern hemi- 
sphere to that which it will present in Europe. 

It appeared unnecessary to remind Capt. Hall of the several eclipses of the 
sun and moon, together with the eclipses of Jupiter's satellites, the transit of 
Mercury over the sun's disc on Nov. 4, 1823, and the several phenomena 
noted in the various ephemerides ; and which would of course be the object 
of his attention without any particular suggestions from this Society. But the 
Council took the liberty of directing his attention to certain points, should he 

e2 
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be favourably situated for observing any of the solar eclipses, or the transit of 
Mercury. 

They also requested him to make observations on the position of Mars, at 
the time of his opposition in February 1823, with respect to the three follow- 
ing fixed stars, which are situated near the path of his orbit, and whose mean 
places for the day of opposition are here stated : viz. 



Star. 


M. in time. 


N. Dec. 


42 Leonis 
446 Mayer 
i46 Leonis 


h # // 
10. 12.15,9 

19.17,6 

22.41,6 


o / // 

15.52.11,9 
15. 1,0 
2.53,3 



When Mars approaches either of these stars, the differences in right ascension 
and declination, between the planet and the star, must be taken as accurately 
as possible for several successive days, with a micrometer ; or their distances 
measured, in a straight line : the time and place being correctly noted down. 
Such observations, compared with corresponding ones made in England, will 
serve to determine the parallax of Mars. 

With the same view it was proposed to Capt. Hall, to make observations on 
Venus, at the time of her inferior conjunction in March 1832, by comparing 
her with « Ceti, on the parallel of which she will be a day or two before and 
after the conjunction: a simple and easy method being at the same time 
suggested, whereby Venus might be readily found in the day time, notwith- 
standing her proximity to the sun. 

The attention of Capt. Hall was also directed to the subject of refraction, in 
order to determine whether the quantity of refraction varies (cffiteris paribus) 
in different parts of the globe ; or whether any new light can be thrown on 
this uncertain phsenomenon, in the various places he might visit. 

Upon most of these subjects, it must be evident to the members of the society, 
that there is a necessity of having corresponding and simultaneous observations 
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in this country : otherwise the labours pf Capt. Hall (should he be favourably 
situated for observation) will be in a great measure lost to the public. Those 
members, therefore, who possess the requisite instruments, are called upon to 
co-operate on these points, and to register their observations, in order that 
they may be compared at a future opportunity. Without this assistance the 
efforts of the Council will have been exerted in vain, and the time of an active 
observer employed to little or no advantage. And here the Council cannot 
avoid suggesting, to those astronomers who possess the requisite instruments > 
the propriety of observing and recording the position (in right ascension and 
declination) of those stars which are situated near to, and on the same parallel 
with, any of the planets near the time of their opposition ; since such observa- 
tions would serve as a mode of comparison for those observers who, with less 
powerful instruments, might be more favourably situated for making observa- 
tions at this important point of the orbit of the planets. 

The Council further represented to Capt. Hall that it was scarcely to be 
expected that a traveller, who is frequently changing his situation, can make 
many fundamental observations in astronomy; such as may serve as a basis 
for future researches. But, that he might do much in comparative astronomy ; 
by taking those dements as correct which have been determined by observa- 
tions made in fixed observatories, and comparing the objects of research there- 
with : some examples of which have been already alluded to ; and others were 
suggested for his consideration. 

But there was still another, and a very important point, to which the atten- 
tion of Capt. Hall was requested (and the same cannot be too strongly pressed 
on any future voyager, or settler in distant climates, favourably situated for 
such inquiries) : namely, to make regular observations on the tides, in favour- 
able situations for determining their theory. It is well known that the tides, 
adjoining large continents and their contiguous islands, are so affected with 
the various sources of error arising from the situation of the harbour and the 
nature of the bottom of the ocean for a considerable distance around it, that 
not only a very long series of observations is required to destroy or compensate 
those errors, and allow the true co-efficients of the formulae, for determining 
their value, to appear with any tolerable exactness; but also the co-efficients 
themselves, so determined, are essentially affected by such local peculiarities ; 
and consequently* incapable of affording any thing beyond relative results. In 
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order to obtain results unaffected with these inappreciable causes of error, the 
places of observation should, if possible, be chosen on small islands shooting 
up abruptly from an unfathomable depth in the midst of a wide ocean, extend- 
ing 30 or 40 degrees, at least, in all directions ; or, at all events, a very great 
distance from any large continent. The islands in the Pacific and South 
Atlantic oceans, which are bedded on coral banks or the effect of volcanic 
eruptions, are precisely of this nature- If we may trust the accounts of voy- 
agers, many of these are mere vertical shafts, or insulated columns, shooting 
at once from the very bottom of the ocean, without shoals, or any gradual 
declivity. Round these, the tides must rise and fall with perfect uniformity : 
and it is exceedingly probable that, in these cases, a much shorter series of 
observations would be requisite for framing accurate results ; and that even 
those of a single month, in moderately calm weather, might have considerable 
value in the present improved state of the theory. The situation of the Gal- 
lapagos islands, on which Capt. Hall will probably spend some time (it being 
one of the stations at which he proposes to swing the invariable pendulum), 
possesses peculiarities which entitle it to notice, although it does not satisfy 
all the conditions. It is immediately under the equator : and should he be 
there about the time of the equinox, the very vertex of the aqueous spheroid, 
which will then pass over the spot, may be made the subjqpt of his observa- 
tions. These islands likewise present another remarkable peculiarity of 
situation. For, according to the results obtained from a theorem given by 
M. Biot, they stand within a very few degrees of the point where the magnetic 
intersects the terrestrial equator. It is therefore desirable that observations 
should be made with a view to ascertain the accuracy of this conclusion. It 
may also be remarked, that it is near this spot that the magnetic equator is 
supposed to deviate into the serpentine form, as mentioned by the same 
eminent writer. 

The formation of an Astronomical Library being one of the objects of the 
Society, the attention of the Council has been directed thereto. At present, 
however, they have not thought it advisable to expend any money on this 
department. Nevertheless they are happy in announcing that the foundation 
has been laid, by the donation of many valuable works on the science by 
several members of the society. 

It having been represented to the Council, that the observations made at 
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the observatory of the East India Company at Madras were preserved in the 
S f * hC EaSt lDdia Com P an y- application was made for them to the 
Court of Directors. With a truly laudable zeal for the cause of science, the 
Court immediately assented to this request ; and ordered not only that the 
present observations for a series of years (commencing with the year 1793 
and continued with some slight interruptions to the present time) should be 
deposited with this society, but that the future observations should be for- 
warded in like manner. Those observations, accompanied with many other 
valuable papers on astronomical subjects from the same quarter, are now in 
the library of the society. 

Since the last general meeting of the Society the Council have considered 
he expediency of recommending a few alterations in the Regulations. And 

Ss.?rr ani rr^ a * reed to propose: that n ° p~. ^ h a8 

fiBed the office of President for two successive years, should be again eligible 
to the same situation, until the expiration of one year from the termination of 

TtZ t0 the FeSent FeSUlati0n re8pectin S the Vice-presidents: 
Secondly, that the six members of council alluded to in Section 2. Regula- 
tion 3 should be extended to eight, and consequently that four should be re- 
eugible m every ensuing year, instead of three only: Thirdly, that any 
person who may be desirous of reading his own paper to the society, may be 
at uberty so to do : Lastly, that the mode of calling special general meetings 
should be so far altered, as to direct that the subject to be discussed at such 
special meetings shall be previously laid before the Council; and, if the deci- 
sion of the Council be not satisfactory to the members proposing the subject 
* make it imperative on the Council to call a special general meeting within a 
S ven period. Distinct resolutions, on each of these points, will be submitted 
tor your consideration*. 

During the last year the Council have considered the propriety of appointing 
set of Va " 0US pur P° 8es : am °ngst others, one for determining on a 

in orH qU ? Stl ° nS 10 be P ro P° 8ed to P ersons possessing astronomical instruments, 
oraer to ascertain the merits of the same ; and another to determine on the 
peaiency of procuring tables of the apparent places of the 46 Greenwich 

* These * 

intl* in ,£ re8oluti0118 were c »rried unanimously ; and the Regulations have been altered accord.' 
"W m the present edition. 
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stars for every day in the year. But, at present, nothing decisive has been 
effected on these points. 

One of the objects of this Society being an examination of the heavens in 
minute detail, the Council have likewise frequently discussed this subject, but 
without being able to agree on a plan, proper to be recommended for the 
adoption of the members. They consider it, however, a subject of so much 
importance, that they will early resume it : for, until every remarkable star in 
the heavens is recorded, and its place assigned in the catalogue, it is vain to 
pretend to an accurate knowledge of the true system of the universe. 

It* is gratifying to observe that the advantages, likely to acrue to science 
from the establishment of a society like this, appear to be duly appreciated by 
the continental astronomers. From many of them (whose names, among the 
most illustrious in modern science, now stand on our list as associates, or are 
suspended in our meeting room as candidates for admission) letters have been 
received by the foreign secretary, expressive not merely of the most unquali- 
fied approbation of our objects, but of a desire to co-operate actively in their 
accomplishment : and which has been evinced in more than one instance by 
the communication of interesting notices, and astronomical works. 

On the whole, the Council cannot view this new impulse which appears to 
have been given to astronomy in all parts of the world, without anticipating 
the most beneficial results to the science. The establishment of several new 
observatories on the continent of Europe (one of them above the 60th degree 
of north latitude) under the direction of men eminent in science, and vieing 
with each other in the most honourable branch of emulation — the rising efforts 
of our countrymen in the East Indies — the zeal of our brethren on the Ame- 
rican continent — the foundation of a public observatory at Cambridge and 
another at the Cape of Good Hope (both so honourable to our own country) — 
must ensure the good wishes of every friend to science, and excite the admi- 
ration of every reflecting mind. 




PAPERS. 



I. An Account of the Repeating Circle, and of the Altitude and Azimuth In- 
strument ; describing their different constructions, the manner of perform- 
ing their principal adjustments, and how to make observations toith them ; 
together with a comparison of their respective advantages. By Edward 
Trovghton, Esq., F.R.S., and Member of the American Philosophical 
Society, 

Read January 12, and March 9, 1821. 



Op all astronomical instruments, those fixed in national observatories must be 
considered of the first importance to science ; and in a commercial country, 
like our own, perhaps those subservient to nautical astronomy ought to be 
regarded as the next in point of utility. Those which I would call the third 
class are numerous ; they are such as are used in the small observatories of the 
amateur, to which they are in general equally adapted, as to the service of 
the gentleman who may travel to foreign parts. Of those, the two I have 
named in the title, are the most approved of for these purposes ; and to draw 
up a comparison of their respective constructions and merits, is what I have 
chosen for the subject of this communication. Were I able to treat it as it 
deserves, I should entertain no doubt of its coming within the views of this 
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society, nor of its usefulness ; particularly in assisting those, who may not 
already have become acquainted with the different kinds of instruments, in 
the selection of such as may be best suited to their purposes. 

The repeating circle, till within these few years, has been very little used 
in this country, and in truth its merit but ill appreciated; facts however are 
not wanting, although dispersed and insulated, sufficient to remove all preju- 
dice; particularly experiments recently made, with a small instrument of this 
kind,' at the principal stations of our grand national survey. On the continent 
of Europe, where the art of graduation is not so successfully cultivated as it is 
with us, an instrument, which of all others depends the least upon accuracy of 
division, could hardly escape being too much commended : be this as it may, 
observations lately made on the other side of the British channel, simultane- 
ously with those used in the survey mentioned above, have I believe given the 
best informed of all parties a more correct idea of what may be expected from 
this instrument. 

The altitude and azimuth instrument has I think been almost exclusively 
made in this country : many of them have been sent abroad, but from their 
not having been used in great national operations, the advantage of them has 
seldom been made known to the world. Nearly the same may be said of those 
which remain at home ; for although some of them have been much and skil- 
fully used, yet owing to their having been only in the hands of private indivi- 
duals, who had no common medium of communication, the labours of those 
who possessed them have hitherto been almost lost to astronomy. Prom this 
general remark I must however-exeept the observations of the 36 brightest 
fixed stars, which Mr. Pond made at Westbury with a 30 inch circle of this 
kind, and which appeared in the Phil Trans, for 1806. This indeed was the 
first thing (notwithstanding some doubts and surmises from abroad) that un- 
equivocally demonstrated a change of figure in the Greenwich quadrant, and 
subsequently led to the procuration of new instruments for our national 
establishment. 

The repeating circle has by no means failed for want of publicity ; on the 
continent, astronomers and others have written a great deal about it, and the 
results of thousands of observations have been published ; the greater part of 
which were made on Polaris ; a star, to which, on account of its slow motion, 
this instrument is peculiarly adapted. Although the altitude and azimuth in- 
strument, as a portable one, was produced about the year 1793, we find no 
description of it in print, until the article Circle appeared in Rees's and 
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Brewster's Encyclopedias* ; the latter of which is referred to for the use of 
those who may wish to see a more detailed account of both the instruments 
under consideration, than can be given in the following brief descriptions. 



The lowest part of this instrument is a strong tripod, having at its extremi- 
ties three steady foot-screws ; one of which, at least, should stand upon a well 
known apparatus, for the purpose of supplying a slower and finer motion to 
the upper part, than can be given by the screw itself. This apparatus should 
support that particular foot which during observation is directed to the meridian, 
or is opposite to the object observed. In the centre of the tripod is fixed a 
strong vertical axis, of a height sufficient for allowing head-room for observing 
conveniently when the telescope is pointed towards the zenith. A pillar of the 
same height with the axis, is nicely fitted at both ends upon the latter, and 
both together, when the axis is vertical, produce a steady azimuthal motion. 
To the lower end of the pillar is fixed an azimuth circle : and to the higher 
end, a cross piece ; on the two extremities of which stand, about five inches 
apart, two upright bars for supporting a cross axis, to which the principal 
circle by its centre-work is attached, and round which axis the circle may be 
turned into any position from one side of the pillar to the other. A semicircle 
is fastened to one end of the cross axis, which, together with a clamp attached 
to one of the upright bars, affords the means of securing the circle in any 
position. The principal circle, or that of repetition, has (affixed to the middle of 
its plane, and opposite to the one divided) centre-work, the length of which is 
equal to about two-thirds of the diameter of the circle; the outer part of which, 
being perforated from end to end, becomes the socket for an axis of the same 
length, to which the index of the circle and telescope is attached in front. The 
index has four branches placed at half right angles to the telescope, each of 
which subdivides the divisions of the circle into spaces of 10". To the middle 
of the cross axis is fixed a socket, which receives about two-thirds of the length 



* It is true that the late Rev. Francis Wollaston, in the Phil. Trans, for 1793, gave a de- 
scription of a two-feet Circle which had an azimuth. That instrument, however, was solely 
designed for a meridian one, and was in fact quite unfit for any other purpose. The same gen. 
tleman, in the Appendix to his Fasciculus, points out the best means of using an altitude and 
azimuth circle (properly so called), but without giving any description. The Westbury* circle 
described in the Phil. Trans, for 1806, although well constructed for observing azimuths, was 
not designed for taking transits, and besides was not a portable instrument. 



Description of the Repeating Circle. 
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of the centre-work : and the exterior surface of the remaining third of that 
work becomes the axis for another telescope and a level to revolve contiguous 
to the back of the circle. This is a complicated matter, difficult to be described 
or understood without a figure : it will however be sufficient, if it is conceived 
that there are three concentric motions in planes parallel to that of the circle : 
namely, a general one within the socket of the cross axis, which carries round 
together, the circle, level and two telescopes ; another, by which, upon the 
exterior part of the centre-work the level and back telescope revolve ; and a 
third, that gives motion to the fore telescope and the verniers, so as to make 
them advance upon the circle, which is produced from the interior axis. These 
motions are independent of each other, and are all furnished with clamping 
and tangent screws. A counterpoise is placed upon the exterior end of the 
centre-work, which, by balancing the circle, telescopes, and level, keeps them 
stationary in any position. The greatest part of these instruments, which have 
been constructed in London, have the back telescope on one side of the axis, 
and the level parallel to it on the other side, which latter, being made heavier 
than would be otherwise required, becomes a counterpoise for the former, a 
thing not attended to in the earlier constructions of the repeating circle. The 
azimuth circle of this instrument, only just named above, was in the first con- 
struction small, and of no other use than to point out roughly when the upper 
circle had been turned half round ; but, in most of those made in London, to 
that circle has been given the same radius, and the same attention paid to its 
execution as to the upper one. In the best construction of this part the circle 
is attached to the tripod, and three indices fastened to the vertical pillar revolve 
round it ; thus may a horizontal angle be taken on three equidistant parts of 
the circle, and, what is of equal importance, by simply reversing the position 
of the telescope and turning half round in azimuth, a similar observation may 
be made, in which the readings will fall at 60° distance from the former ones. 
By this double operation simple errors of division may be considered as very 
much diminished, each sight having been read off on six places ; and in both 
parts of the operation the error arising from eccentricity is, as to any sensible 
quantity, totally done away. 



Description of the Altitude and Azimuth Instrument. 

The lower part of this instrument, like the other, consists of a tripod and 
feet-screws; which latter, being a recent contrivance, and hitherto unde- 
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scribed, may in this place deserve particular notice. Each of the three screws 
is double ; that is, a screw within a screw : the exterior one, as usual, has' its 
female in the end of the tripod, and the female of the interior screw is within 
the exterior. The interior one is longer than the other, its flat end rests on 
a small cup on the top of the support, and its milled head is a little above the 
other. Now by this arrangement we gain three distinct motions ; for, by 
turning both screws together, an effect is produced equal to the natural range 
of the exterior screw : by turning the interior one alone, the effect produced 
is what is due to this screw : and by turning the exterior one alone (which may 
be done, because the friction of the interior screw in the cup is greater than 
that which exists between the two screws) an effect is produced, equal to the 
difference of the ranges of the two screws. Thus, were the exterior one to 
have 30 turns in an inch, and the interior 40, the effect last described will be 
exactly equal to what would be produced by a simple screw of 120 threads in 
an inch. This is an improvement applicable to all instruments that are sup- 
ported on screws, and of course to the repeating circle. A few of the last 
made in London possess this advantage. The vertical axis of the altitude and 
azimuth instrument is fixed in the centre of the tripod, of a length equal to 
about the radius of the circle. At the lower end is centred upon it the azi- 
muth circle, in close contact with the tripod ; to the three branches of which 
it is fastened, but in such a manner as to admit of a circular motion of about 
3°, which motion is governed altogether by a slow moving screw. The inten- 
tion of this motion is, in geodetic operations, to bring the zero of the circle to 
the point of commencement ; and, in astronomy, to place that point exactly 
in the meridian. In an instrument for my own use, however, I could dis- 
pense with this adjustment, because I know that it is easier and more accurate 
to read off than it is to set : and from what point I begin to reckon, is a thing 
quite indifferent to me. Just above the circle the axis is embraced by a cone, 
which is also well centred upon the upper end. To the lower end of the 
cone is fixed an entire circular plate, formed in the strongest manner ; which 
not only bears the two or three microscopes that read and subdivide the divi- 
sions of the circle, but also supports the whole of the upper works. On 
opposite sides of the cone, and distant from it about half the radius of the 
plate, are erected two columns, of a height to support a transit axis, so as to 
allow the telescope to pass the upper end of the vertical axis, when it is pointed 
towards the zenith. The transit axis is one-third longer than the distance 
between the columns, upon which out-riggers are placed, having Y's or 
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angles on their extremities, that support the axis : and each of the angles is 
acted upon by an adjusting screw, not only for making the transit axis hori* 
zontal, but also for placing the centre of the circle of the same height with 
the horizontal microscopes. The horizontal axis is crossed, as in an ordinary 
transit, by a telescope ; the length of which exceeds the diameter of the circle 
by about one-third. The circle framed upon the axis is double ; the two parts 
being placed at a distance from each other to allow the telescope a lodging 
between them : and they are connected with each other by pillars inserted 
perpendicularly between them. The front portion of the circle (or that which 
bears the division) is of a less radius than the other by about one-eighth part 
of an inch : the longer radius of the portion behind is what is required for the 
clamp and screw for slow motion to act upon, while the shorter radius of the 
one in front keeps it clear of that apparatus when the axis is reversed for col- 
limation. Many of these instruments have been constructed with vernier 
readings ; but as I consider those by the microscopic micrometer preferable, I 
shall confine this description to the latter. My preference to one of those 
excellent contrivances for minute subdivision is mainly grounded on the cir- 
cumstance that, in the employment of the more ancient method, the indices 
rub against the divisions which they subdivide ; whereas in the modern, which 
is detached, the motion is free and unembarrassed. 

In the description of the repeating circle, the advantage of three readings 
was stated ; but that contrivance originated with the instrument I am now 
describing : and if it be a real improvement (which I believe no one will 
doubt), the repeating circle owes the advantage solely to the latter. Three 
readings are not only better than two, but also better than four : for, with 
four, when the objects are in the horizon, or near it, on reversion the oppo- 
site indices only change places ; a circumstance clearly in favour of the odd 
number. But, in astronomy, where the upper circle is chiefly concerned, the 
same advantage does not occur : for, at the zenith, on reversion, the telescope 
changes place in azimuth only ; therefore, as the indices have no change of 
place, more readings than two could be of no use. It is true that in proceed- 
ing downwards we gradually come to the horizon, where the same effect, that 
was stated respecting the azimuthal angle, takes place : but here the uncer- 
tainty of refraction destroys all confidence. I may also state that three read- 
ings to a vertical circle cannot be all equally well illuminated in the night time ; 
nor at any time are they to be read with equal convenience, as is the case 
where two readings are placed horizontally. However, as microscopic read- 
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Higs ^re expensive, and as astronomy is generally the chief object of those who 
procure $18 ingtirupient, two microscopes to each circle may be sufficient. 
Put were I to ,^aye ; fqr,ra,y own use an instrument of this kind with verniers, 
$e lower cirqle should have three, and the upper one four. 

When the vesical cirqle has two readings, and these microscopic, they are 
&fRxed to the ends qf two horizontal tubes fastened to one of the columns ; 
which ajso support a good hanging spirit level. Another level of the best quality 

occasionally applied to the pivots of the transit axis, in order, independently 
o_f &&ty thing j§lse, to verify its horizontally. 

Adjustment of the Repeating Circle. 

The vertical axis is made perpendicular by means of the feet-screws of the 
tripod, and the spirit level, in the same manner as is required for other instru- 
ments; an operation so easy and well known, that to mention it is all that 
seems necessary. To adjust the Collimation of the telescope parallel to the 
plane of the circle, an object should be chosen as nearly in the horizon as can 
be estimated : the middle wire of the telescope under adjustment, being cor- 
rectly pointed to the object, what is shown on the indices of the azimuth circle 
must be carefully notpd. Reverse the telescope both vertically and horizon- 
tally, bisecting again the same object with the same wire, and again read off 
what the indices give. Take of these readings the mean, or middle point, 
and set with great care the indices so as to show that mean. Now,, by the 
screws, which act upon the wire-plate, move the wire so as to make it bisect 
the object: this being well done, the other telescope, to be adjusted, wants 
only its vertical wire moved in the same manner till it bisects the object. The 
above, however, is true only when the object is very distant ; for, as both tele- 
scopes are eccentric, as respects the vertical axis, and unequally so, it becomes 
necessary, when no remote object can be seen, to put up marks, say two 
circles, the radii of which are equal to the eccentricities of the respective 
telescopes. The next essential adjustment, is to place the plane of the upper 
circle vertical ; or its axis horizontal. The best practical method of doing 
this, and which is quite equal to the purpose, is to look with the front tele- 
scope at any elevated object, whether remote or near, and having made the 
middle vertical wire bisect it, look at the same object when reflected from the 
surface of a fluid. If the wire does not cut the reflected image, the circle 
must be turned round the cross axis* to bring the wire as nearly as can be 
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estimated half way towards that image ; now by turning the instrument in 
azimuth, make the bisection, then elevate the telescope to the oljject, and if 
the bisection is not perfect, the operation of estimating and turning in azimuth 
must be repeated. A level, which is placed parallel to the axis of the circle, 
must now be adjusted so that the bubble may stand in the middle of its tube ; 
which afterwards becomes the index for the vertical position of the circle: 
Another adjustment, which is not however of so much importance as either of 
the former, is to make the cross axis at right angles to the vertical one ; which 
is indeed the business of the maker. If, when the vertical axis is adjusted; 
he brings the upper circle horizontal by means of a pocket-level, which is to 
be placed upon the face of the circle at right angles to this axis, then, by 
placing the level parallel to the axis, he will see which of the supports wants to 
be shortened by the file. 

Adjustments of the Altitude and Azimuth Instrument. 

The axis of azimuth is rendered vertical by means of the level and feet- 
screws ; exactly in the manner that was required in the other instrument ; and 
it may be stated that either or both of the levels belonging to it may be used 
for this purpose. That adjustment, which answers to the second for the 
repeating circle, or setting the line of collimation perpendicular to the axis, 
is no other than the usual way practised for doing the same thing in a plain 
transit ; namely, by moving in azimuth bring the middle vertical wire to any 
object, then reverse the horizontal axis end for end upon its supports, and if 
in this position the wire does not cut the same object, alter one half the error 
by turning in azimuth, and the other by means of the screws which act upon 
the wire-plate. The transit axis is brought to the horizontal position simply 
by placing the level upon the pivots of the axis, and observing if the air-bulb 
changes its place on turning the level end for end. If it does, nothing more 
is wanted to effect the adjustment, than with the screw below either of the 
pivots, to bring the bubble, according to the indication of the divided ivory 
scales, just half way towards the place which it occupied in the first position. 

Both the circles under consideration require many more adjustments : but 
as those belong to the minor parts, and are common to many instruments, even 
to enumerate them in a paper like this, could hardly answer any useful 
purpose. 
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Manner of using the Repeating Circle. 



In geodetical observations this instrument gives the angular distance be- 
tween two observed objects, whatever be their elevation above, or their de- 
pression below the horizon. The horizontal angle is always the thing wanted ; 
to obtain which, it is necessary to find by observation how the objects are 
situated respecting the horizon ; these give the requisite data for trigonome- 
trical computation, Previous however to this, the observed angle itself has to 
be corrected for the eccentricity of the telescopes ; which correction varies 
according to the quantity of eccentricity, and the measured, or estimated, 
distance of the observed objects. To place the plane of the repeating circle 
parallel to the line that joins two objects, the angular distance of which was 
to be observed, had been no easy task, until about thirty years ago from my 
little gazebo I attempted to take the angular distance of two spires. Their 
distance was by no means my object; it was simply to acquire the habit of 
observing by repetition, and putting to trial an instrument that I thought weH 
of. After having made three attempts, without effect, to obtain the thing 
wanted, and a fourth placing me still further from the point, I quitted my 
instrument, disgusted at my own unskilfulness, and retired to consider whether 
the instrument had not within itself some priuciple from which a precise rule 
might be made out. This inquiry proved successful, for I saw that by pointing 
one foot of the tripod, the cross axis and the back telescope towards one of the 
objects, the fore telescope by turning round the cross axis and by its own 
proper motion might be brought to the other object without altering the angu- 
lar direction of the back telescope. The rule is this. Set one foot of the tri- 
pod as nearly as you can guess in a line with that object of the two, which you 
judge to have the least elevation or depression ; and with the plane of the circle 
vertical, and the back telescope horizontal (both to the exactness of two or 
three minutes), bring the back telescope to the object, partly by turning in 
azimuth, and partly by turning or propping the foot-screw. Next turn the 
circle round on the cross axis, until it seems to the eye to occupy the proper 
position; then a second time bring the back telescope to the object by the 
foot-screw, and turning in azimuth; lastly, complete the operation by bring- 
ing the upper telescope to the other object by its own proper motion in con- 
junction with that of turning round the cross axis. The above operation being 
performed (which it is necessary to repeat at every angle that is taken, even 
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at the same station,) the business of observing by repetition may be com- 
menced as follows. Set the fore telescope to zero, as is usual; or what is 
better, as was said before/ read off what the indices (being clamped) happen 
to show ; and, by turning round by the general motion, place the intersection 
of the middle wires exactly on the object to the left. Then, by its own motiort 
in the same manner set the back telescope to the object on the right; and 
examine if the angle between the objects be accurately comprehended between 
the two telescopes. Now by the general motion, without touching any thing 
else, move the back telescope until its wires coincide with the object on the 
left. To complete the first operation unclamp the fore telescope, and carry it 
round to the object to the right ; when its indices will have advanced upon the 
graduated limb through an arc equal to double the angular distance of the ob- 
jects. To read off this double result woidd be rather detrimental than useful ; 
instead of which, with the fore telescope fixed at this position, the three steps 
of another operation, as described above, should be taken in order to obtain a 
second double result. A third, fourth, &c. course of operations must succeed, 
until it is judged that sufficient has been done to produce the accuracy required. 
At last the indices must be read, and the total number of degrees, minutes and 
seconds, that have been passed over by the indices, taken and -divided by 
double the number of operations ; when the simple angle between the objects 
Avill appear. If all the results had been read, the intermediate errors of divi- 
sion would have come into the account, and produced an effect that has been 
avoided'by the process described : for, except at the beginning and end, the 
observations were carried on as if there had been no divisions. It is in this 
solely, that this instrument claims an advantage over others, and justly-; for 
they have a beginning and end to every double result ; but this, as far as gra- 
duation is concerned, has only a beginning and an end to a whole course of 
observations. In geodesy, the levels are of no use, except in the operation of 
bringing the plane of the circle into that of the two objects : and it may be ob- 
served here, that in astronomy the back telescope is altogether unnecessary. 

To observe zenith distances of the heavenly bodies by repetition, is a pro- 
cess so similar to what has been described, that a shorter course may be taken 
to explain it. The instrument T)eing adjusted, and the indices set or read, by 
the general motion (the level being horizontal) bisect the star and examine that 
both are correct at the same time : now turn the instrument half round m 
azimuth, correcting with the foot-screw the position of the level if required, 
and move the telescope by its own proper motion to the star again, which will 
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cause the indices to pass over an arc equal to twice the zenith distance. Ao- a i n 
turn the instrument half round in azimuth, and with the telescope fixed in^the 
last position, by the general motion again bisect the star, and again by its 
proper motion make the level horizontal: now turn half round in azimuth 
correct the position of the level as before, and in order to come at another 
double zenith distance, carry round the telescope to the star, again. This 
process having been continued until enough has been done, the total arc 
passed over by the indices, divided by double the number of complete opera- 
tions, gives the zenith distance of the star. There is indeed another way of 
observing by repetition with this instrument. For the same effect will be 
produced, if, instead of turning half round in azimuth, the circle be turned to 
the other side of the pillar, on the motion of the cross axis. But, in this case 
there must either be a stop to prop the circle on the other side when its plane 
is vertical, or else the level must be a hanging one, which will give the circle 
its vertical position whether it is above or below the axis. It would be alto- 
gether unnecessary to describe the process of repetition in this case; for, except 
in what has just been stated, it differs not from the former one. A nominal 
difference indeed takes place; for the former method proceeded -by stops of 
double zenith distance, and this proceeds by stops of double altitude. 

Manner of using the Altitude and Azimuth Circle. 

In geodesy this instrument, being adjusted, measures without further trouble 
angles between objects upon the horizontal plane, whatever may be the num- 
ber required to be taken at one station. The parts of the instrument are all 
concentric, and therefore whatever it gives, whether the objects are remote 
or near, requires no correction. The angles having been read off individually 
will be vitiated by the errors of division ; and even in graduation that may be 
deemed good, those errors may be too great in some cases that occur. Such 
cases are well known to the judicious surveyor, and may be obviated by simply 
turning the whoht instrument upon the stand, and setting the axis vertical ; 
again and again taking the angles which he wishes to ascertain with the utmost 
accuracy : for, by this expedient, he will get any angle upon as many different 
Parts of the circle as he pleases or thinks necessary. This may at first view 
appear to be a principle derived from the other instrument; but, let it be 
remembered that it is no more than taking means ; a thing practised and well 
understood before the repeating instruments were brought into existence. 

g2 
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In astronomy the azimuth circle is of little use, except in furnishing ready 
means of bringing the upper circle into the plane of the meridian ; it has how- 
ever been used for making out, in conjunction with the other circle, the quan- 
tity of refraction at different altitudes : but as, perhaps, the times for this pur- 
pose furnish better data than azimuths, to mention the matter is sufficient. Ob- 
serving altitudes of the celestial bodies is a thing so familiar to every one 
who is in the least acquainted with these subjects, that to describe it would 
only be to lengthen this paper. I may however remark that in meridian alti- 
tudes, there is time to get an observation with the face of the circle to the east, 
and another with its face to the west ; which together give a collimated double 
result, before the diminution in altitude becomes sensible. Yet I feel some- 
what diffident about recommending this mode of observing, although I have 
practised it myself with success. An observer, before he attempts it, should be 
expert both in managing the instrument and reading off the angles. Respect- 
ing stars near the equator, there is only about one minute of time on each side 
of the meridian, that the star would continue to be bisected by the wire of a 
telescope that magnifies sixty times ; therefore, before the double observation 
is attempted, the time should be accurately known. In truth, all hurried opera- 
tions with this instrument may be avoided and left to the repeating circle. 



Comparison of the two Instruments. 

I come now to compare the two instruments with each other in their appli - 
cation to the different purposes for which they are designed ; and to prevent 
the frequent recurrence of long names, I shall call the repeating circle R, and 
the altitude and azimuth instrument A ; an expedient which, perhaps, if sooner 
adopted, might have improved this paper. 

To find the difference of latitude between distant places is a most important 
problem in extensive geodetic operations, and for this purpose R has often 
been represented as equal or even superior to the zenith sector : but as the 
latter instrument has always been constructed with a powerful telescope, and 
is in its nature the most simple possible, I beg leave to dissent from that opi- 
nion. For, however an instrument may be constructed, or in whatever man- 
ner it may be used, I have no faith that it can give results nearer the truth, 
than a quantity that is visible in the telescope. To do this, an instrument, 
with respect to any error that is not corrected by reversion, must be perfect ; 
a thing of which I have no idea. Yet every one is not of my opinion. As an 
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instance of this, a celebrated astronomer^ a few years ago, in the south of Eu- 
rope, made observations for finding the attraction of a mountain with a small 
instrument of the construction R ; and obtained a deflection of the level equal 
to two seconds ; and, although his telescope could not have been more than 15 
inches long, from this experiment brought out a density of the earth nearly co- 
inciding with the Schehallien experiment, and with the more recent one which 
Cavendish obtained by direct attraction. Yet has that same astronomer, from 
later experiments, found the fixed error of the same or a similar instrument 
(made by a foreign artist by no means unknown to fame) to amount to from 
five to ten seconds. Should this error, however, which is called fixed, turn 
out to be at all fortuitous, it is possible that, taking five for its amount (to say 
nothing about ten), a result might have been obtained of an equal quantity 
contrary to attraction. But on the other hand, were the error of such an in- 
strument absolutely fixed, although it gave the altitudes incorrectly, yet might 
it give the differences corrfectly ; and consequently the above dwarfish expe- 
riment might be permitted to stand on its own little base. It is a circumstance 
little suspected, and not very easy to explain, how an instrument, that is capable 
of reversion, can have errors that are not correct in the double result. But 
although this, like the above statement, and the remarks I have made upon it, 
may appear digressive, yet will it not be altogether useless to inquire into the* 
nature of two of the most obvious sources of error, to which this instrument in 
particular, and others in a less degree are subject. 

It is riot perhaps so well known as it ought to be, either to observers or 
artists, that the air-bulb of the spirit level changes its position with a difference 
of temperature. This, it is probable, is wholly occasioned by the glass tube 
(I mean from its expansion) being larger at one end than at the other : for I 
have observed that as the temperature increases, the bubble always deviates to- 
wards the larger end, and as it diminishes, the deviation takes place the con- 
trary way. The error occasioned by this cause, whatever it may amount to' 
at the end of a series of repetitions, will be divided, and affect the result by no 
more than the mean deviation belonging to a pair of observations. This kind 
of error is fixed, as far as a single course of repetition is concerned ; but, when 
the change of temperature is reversed, an error equally fixed will affect obser- 
vations in the opposite direction. 

Another and still more fetal source of error to which R is peculiarly liable, 
arises from the resistance of the centre-work to„the action of the tangent-screw. 
This will be more or less, according to the care and judgement that have been 
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employed in the construction of the instrument: but to bring it to nothing 
must for ever be beyond the skill of the artist, because it lies in some measure 
in the nature of the materials. I will now try to explain how this source of in- 
accuracy affects observation, and to this end will suppose that an observer, 
when he bisects a star, moves the index with the tangent screw, so as to ad- 
vance it on the graduated limb according to the numbering of the degrees ; 
the telescope indeed will be properly pointed, but the index will show too much. 
On reversing the position of the instrument, the telescope will naturally relieve 
itself from the friction at the centre, and take the position due to the index, 
instead of retaining that which it had when the star was bisected ; therefore 
the following motion of the telescope will begin from a wrong point ; and if 
the screw is always turned in the same direction, will produce an error in ex- 
cess at every pair of observations. As much may be said respecting the mo- 
tion of the level, which, on account of its socket embracing the exterior of the 
axis, will meet with a greater resistance than the telescope did. As far as these 
two parts of repetition are concerned, it is clear that the habits of an observer 
may make this source of error either fixed or accidental, and by constantly 
turning the screws in a particular way, he may have for a fixed error either 
their sum or their difference. There is another motion equally connected with 
the operation of repetition, and quite as liable to this kind of error; namely, the 
general one, which carries round together the circle, the telescope and level. 
To follow up these three sources of error, and show how in their different 
combinations a series of repetitions would be affected, is a task which I dare 
not attempt. Instead of which I will content myself with remarking, that the 
complicated centre-work of this instrument, and the different motions having 
a tendency to drag each other, together with the change of position that takes: 
place without the different steps being registered, subject it to greater errors, 
when the graduation is tolerable, than those which it professes to correct. To 
examine whether the screws, which govern the three motions here treated of y 
give immediate motion to the respective parts which they act upon, is a good 
criterion, but I think incapable of detecting a quantity of error less than two 
or three seconds ; which quantity, if it recurs as fixed, will not be divided in 
obtaining the general result, because it affects all the operations, and it is the 
accumulated error only that is reduced. 

In the instrument A, the resistance of the centre-work is extremely small ; 
the pivots of the transit axis merely resting on their angular supports, while the 
screw for slow motion acts immediately upon the circle, carrying also the tele- 
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scope which makes one piece with it. This is the simplest action that an in- 
strument can possess ; the forces in opposition to each other are quite incon- 
siderable ; there is no rubbing of indices ; and the angles are read off imme- 
diately after observation without any thing having changed place. The error 
of the level, mentioned before, will also affect this instrument : but, by judi- 
cious management, as will be shown presently, may be almost wholly counter- 
acted. The method indeed would apply to R, but at an expense of time that 
could not be admitted. It is this : reversing the position of the circle in azi- 
muth, by the level, place the axis truly vertical, which then becomes a substi- 
tute for the level during the short time a star is bisected ; after this observa- 
tion is read off and the telescope set for another star, I would note the position 
of the level, and again reverse the instrument : when, if any deviation is seen, 
I would bring the level by the foot screw half-way to the point where it stood 
before. This operation places the axis vertical again, whether a deviation of 
the level or of the whole instrument has taken place. To do this in the easiest 
manner, is to make a series of observations with the divided side of the circle 
to the east and west alternately ; this way saves half the trouble of frequent 
reversion, renders observations independent of each other, and makes it re- 
semble in its use the zenith sector, as nearly as one instrument with a level can 
do a better with a plumb-line. 

When A is used for ascertaining the value of a celestial arc, corresponding 
to a measured distance on the surface of the earth, many stars should be marked 
for observation, none of which ought to be more than 60° from the zenith ; 
and to avoid hurried observation, they should be picked from a catalogue at 
nearly equal distances of right ascension. In doing this there can be no dif- 
ficulty, because those of the fourth or fifth magnitude are for this purpose as 
good as any others. As to the time required for observing a star, different 
observers will want more or less; but surely the space of five minutes is enough 
for any one. If he has previously written down, from his catalogue, the de- 
gree and first figure of the minutes, he has no more to do in reading off than, 
when the star is bisected, to put down the last figure of the minutes and the 
seconds as he takes them from the micrometers. For the next star he should 
set to what his catalogue gives, then reverse the position of the instrument by 
the divisions of the azimuth circle, afterwards correct for any deviation of the 
level and verticality of the axis, and then wait for the appulse of the star to the 
meridian. In every pair of observations, the place of a star is read off on four 
points of the circle ; and, where those marked for observation extend to 60° of 
zenith distance both to the north and south, 240° of the circle are employed. 
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To extend it further could produce no good effect, for the uncertainty of re- 
fraction would counteract the advantage arising from a greater range. In 
using A, if an observation is hurt by a passing cloud, or any other circum- 
stance that may render it doubtful, it had better not be written down, even 
should it agree with the general result ; and, on the other hand, if the observer 
is satisfied with an observation, it should not be omitted for being somewhat 
discordant. With R, if any one of the steps of a series of repetition is not 
well performed, the whole will be vitiated should the observer go on. He may 
perhaps be able to save what has gone before, by reading off what has been 
done, and beginning a new set ; but this cannot be done in all cases. I re- 
member an instance, where, in a series of twenty double observations on polaris 
(that had been made with extraordinary care), by the mistake of the assistant, 
in the very last of them, by his turning the screw of the indices instead of that 
of the level, the whole labour was irretrievably lost. 

When an observer is so circumstanced as not to be able to stay at a place 
more than a short time, R seems to have the advantage ; for, in a few hours a 
series of repetitions may be made on polaris to answer his purpose ; since the 
polar distance of that star is now so well known, that little will be lost by not 
having opportunity of observing it both above and below the pole. A is. not, 
however, without. its resources in this respect ; for in stars that have not more 
than 25° of polar distance, there will be quite time enough for reversing the 
position of the instrument, and obtaining collimated results. I must here re- 
mark that this can only be done in high latitudes, because near the equator, 
the slow moving stars are too much affected by variable refraction to be relied 
on in nice matters. This last remark must be placed very much to the discredit 
of R, which in its nature is adapted to the slow moving stars alone. 

Thus it has been shown that, respecting its most effective operations, the re- 
peating circle is local with regard to both the heavens and the earth. It must 
be granted that at every step, even when a quick moving star is observed, if 
the time has been noted, the whole may be reduced to the meridian : and were 
it wanted, which it is not, I should claim the same concession in favour of A. 
But let it be remembered, that at any considerable distance from the meridian, 
the time becomes so important a datum, that it requires an exactness, scarcely 
to be found, except in a well regulated observatory. Therefore, in observing 
stars near the equator with R, the observer has the choice of two difficulties ; 
he may either extend his observations to a distance on both sides of the meri- 
dian to obtain the requisite number of repetitions, incurring the error arising 
from uncertainty of time; or keeping close to the meridian, put up with a limited 
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range, and render his work equally unsatisfactory through that circumstance. 
It was before stated that, to avoid hurried observation in the use of A, stars at 
nearly equal distances of right ascension should be chosen ; and it should be 
remarked, that it is almost equally important to have them also at nearly equal 
distances of declination; because the more regularly they are dispersed over the 
whole range of arc employed, the more perfect will be the correction of erro- 
neous dividing : for two stars having the same declination will evidently be af- 
fected by the same error, and if they differ only a little, will probably partake of 
the same. When A is used in the observation of many stars, the errors both of 
observation and graduation are reduced by taking the mean. With R, the errors 
of many observations on one star are diminished precisely in the same degree, 
but as the errors of the whole intermediate arc are passed over and do not enter 
at all into the account, only those of the zero reading and the final one are 
charged upon the general mean. This distinction, certainly in favour of R, 
may be gathered from what has been said before, and is the little all of R. It 
is here brought forward again, for the use of those numerous observers who 
have not seen through the blind process of repetition, and who have attributed 
to this instrument powers of approximating towards the inaccessible point of 
truth little short of the miraculous. 

I will now subjoin in detail the observations of some zenith distances of a 
fixed mark made about ten years ago with an 18 inch repeating circle at St. 
John's College Cambridge, by a gentleman who ranks high in science at that 
distinguished university, and who is a most worthy member of this society. 
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Since writing the above, I have put my hand upon another experiment of 
the same kind, which was made to determine the angular distance between two 
land objects. It was made at Glasgow by a gentleman whose science is uni- 
versally acknowledged, and who was eminently qualified to do justice to the 
subject. The diameter of the instrument was 12 inches. 



Double Obs. Angle by Angle by 

repetition. successive pairs. 

1 s 63. 33. 52,5 52,5 

2 = 51,0 49,5 

3 = • 50,0 48,0 

4 = 48,7 45,0 

5 = 49,3 50,0 

6 = 49,1 50,0 

7 = 48,6 45,0 

8 = 48,5 45,0 

= 48,8 51,5 



The two series of observations with R, inserted above, are all I can find 
where the collimated angles have been read off. They serve to show, in 
such instruments as were used, the amount of the errors of observation, divi- 
sion and reading off, that one collimated result leaves to be corrected by re- 
petition or taking means. Thus, in the first example, the greatest differences 
from the general mean are + 3",4 and — 3",7, and in the second, + 3",T 
and — 3",8. The examples also exhibit the irregular manner in which the 
successive pairs differ from each other ; while the columns of repetition with 
more regularity approximate towards a constant quantity, as the divisor of 
the total arc becomes greater. It may be useful sometimes, to exhibit a series 
of observations in this manner, for it shows what may be expected from an in- 
strument after a certain number of repetitions. It is curious that, in both of 
the examples, the same result is obtained at the fourth pair as was gained at 
last, a circumstance, no doubt, purely accidental, and which could not have 
been known, had the ordinary means of reduction been employed. 

With respect to the accuracy of the angles obtained in the two series of ob- 
servations, it might be presumed, that in neither case, could they differ from 
the truth by a quantity much greater than half a second : but this presumption 
depends entirely upon the instrument being perfect, or free from fixed error; 
a thing, for the detection of which, an observer is not furnished with any 
direct means. 
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The instrument R has been equally praised by those who have used it for 
taking angular distances, as it has been in astronomy ; and I have in this place 
but little to add to my former remarks. The observer is not here, as in astro- 
nomy, compelled to perform his operations in a short time : he may take as 
much as he pleases, and in truth he will want not a little. Even by the improved 
method, it requires much time to place the circle in the plane of the two ob- 
jects : then follows the process of repetition ; then that of observing the ele- 
vation or depression of the objects ; and lastly, measuring, if they are near, or 
estimating, if remote, their distance from the station, to enable him to correct 
the angle for the effect of eccentricity of the telescopes. All this must be done 
before he has data for computing the horizontal angle ; and all this is requisite 
for every angle that he takes ; even from the same station. A gives the hori- 
zontal angle at once ; its parts are perfectly concentric, and therefore the 
distance of the objects is not concerned : the motion of the telescope, like that 
of a transit, is truly perpendicular, therefore the elevation or depression of the 
objects comes not into the account. When the adjusted instrument is placed 
with the axis of azimuth vertical, the observer may proceed through all the 
angles of his station as fast as he can observe and read them off. They will, 
however, be affected by the errors of graduation ; but it has been shown how 
these may be diminished ; namely, where there are three readings, by rever- 
sion ; and where there are only two, in cases where extreme accuracy is re- 
quired, by turning again and again different parts of the circle towards the 
same object. And although a fresh adjustment of the vertical axis thereby be- 
comes necessary at every step, this is an expedient attended with far less trouble 
and loss of time than can be brought about by repetition and its requisite ac- 
companiments. 

Were it urged in favour of R, that by repetition, the errors of division 
being almost annihilated, it becomes more fit for ascertaining the position of 
a star in the heavens ; because, in observing one with A, the readings always 
take place on the same divisions, and consequently the errors of those divisions 
are charged upon the place of the star : this I should readily grant, were the 
two instruments equal in other respects. But I have to observe that, in the 
present state of practical astronomy, neither one instrument nor the other is 
at all fit for such a purpose. It need hardly be remarked, that the resistance 
and dragging of the centre-work, which I explained when I endeavoured to 
trace to its sources the cause of fixed error, will produce the same injurious 
effect on terrestrial measurement as they do in astronomical observations. 

As a transit instrument I believe R was never thought of : indeed, the im> 
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perfect manner in which its adjustment is performed, together with its weak 
frame, renders it altogether unfit for that purpose. A is a transit, and as per* 
feet as the telescope which it bears will allow. This instrument, in the obser- 
vatory, is certainly the most important of all, and as a portable one, the best, 
and attended with the least trouble for keeping the rate of a chronometer. 
Add to this, that by taking the difference of right ascension between the moon 
and stars, it affords perhaps the very best means of ascertaining the difference 
of longitude between distant places*. 

For observing equal altitudes, both instruments are very good ; and I would 
only give the preference to A as being more likely to preserve the position of 
the telescope unvaried, by keeping in adjustments better during the requisite 
length of time. 

For taking altitudes at a distance from the meridian for finding the time, as 
much may be said in favour of A : yet for this purpose, upon the whole, R 
seems to have the advantage ; because these variable altitudes may be taken 
by repetition, and the errors of division, to which A is liable, almost done away, 
Ready means of placing an instrument in the plane of the meridian are of the 
utmost importance to the travelling astronomer, and that by corresponding azi- 
muths is perhaps the best. A is not only peculiarly adapted to this method, 
but also furnishes the best means of doing the same thing by all the other ways. 
When R has a good azimuth circle, its plane may be brought into the meridian 
by the same means, at least near enough for its own purpose, for it cannot with 
propriety be regarded as a meridian instrument at all. 

Respecting the dimensions of the two circles under comparison, I have, con- 
sidering every thing, thought that 18 inches should be the greatest diameter 
for R : this admits of a two feet telescope, and gives sufficient room for the 
screws for clamping and slow motion to pass each other, and to be conveniently 
handled. The pressure of heavy telescopes upon the centre-work is certainly 
detrimental, however desirable good ones may be ; and were it not for want 
of finger room in a 12 inch one, notwithstanding the diminutive telescope which 
it bears, I would give the preference to the latter dimension. The instrument 
A may safely be extended to a diameter of two feet, beyond which it could not 
justly be called portable ; but besides this, there are other reasons for not car- 
rying it much further than this limit : and I admire the courage more than the 
sound judgement of those, who have constructed very large instruments on this 
principle. With regard to the other limit, I would remark that as to instru- 

* Many writers have given an erroneous rule for this purpose : see Phil. Mag. Vol. XV. p. 07. 
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inents smaller than one foot diameter, however useful they may be for survey- 
ing of land and other inferior purposes, I should consider them for astronomy 
as little better than playthings. 

As to its form and general appearance, R is, of all the instruments subser- 
vient to astronomy and geodesy, the most uncouth and unsightly. The whole 
of the effective parts are placed on one side of its single supporting pillar- and 
m the other a Weight, almost equal to the instrument, is placed for the purpose 
of keeping it in equilifcrio. But ugliness is not the worst thing that attends this 
unavoidable combination; for it renders the instrument top-heavy, tottering, 
and weak. In these respects A is certainly very much superior. The whote 
of its fabric is regular and self-balanced ; the upper circle, being supported like 
a transit on two columns, is thus rendered firm and steady. Respecting sight- 
liness, I think the man of taste would, in the different forms it has appeared 
under, pronounce it agreeable, I dare not say beautiful ; and here I may be 
allowed to remark, that the art of instrument making, as a matter of taste, is 
far behind many others. In this country, indeed, at the beginning of the art, 
instruments were adorned with the flourishes of the engraver, chaser, and 
carver (now long out of fashion) : but these are not the beauties which I mean ; 
those of uniformity of figure, and just proportions are alone what I have in 
view ; and I cannot for a moment think that these are at all inconsistent with 
either strength or accuracy. 

Through the whole of this paper every reader will have seen that I am an 
advocate for A, and I have made no endeavour to conceal it; yet, if I have 
said more for it than it deserves, or given to R less than its due, it is a thing I 
am quite unconscious of. Having now finished what I had to say by way of 
comparison, a concluding remark or two only remain to be added. One of our 
artists, through a course of twenty-five years, has made the repeating circle 
under various forms ; some of them have repeated horizontal angles, others 
vertical angles, and more of them have done both ; which last have obtained 
the name of repeating theodolites. All these are of a firmer fabric than that 
treated of in this communication ; yet after having, as he fancies, gone through 
afl the changes of repeating instruments, he owns that he has never satisfied 
himself in a single instance. I am informed that some of our instrument- 
makers are at this time endeavouring to improve the repeating circle ; but I 
would submit it to their serious consideration, whether their time and talents 
might not be better employed in perfecting the art of graduation, and in the 
construction of instruments of better promise. As it was the rudeness and in- 
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accuracy of dividing which brought this instrument into existence, one would 
think that as the art becomes cultivated, it will fall into disuse. The art in this 
country is certainly sufficiently advanced to set repeating instruments aside : 
and, if I am rightly informed, several foreign artists are at this time pursuing 
the course of its improvement, in which for many years they had been impeded 
by circumstances which science could not control. It is therefore my opinion, 
that as the division of instruments becomes generally improved, so will the re- 
peating circle hasten to its dissolution ; and perhaps, on account of the great 
services, which, in its time, it has rendered to astronomy and geodesy, some fu- 
ture age may be induced to chaunt its requiem. 
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II. The Description of a Repeating Instrument upon a new construction. 
By G. Dollond, Esq. F.R.S. 



Read April 13, 1821. 



In describing this instrument, it is not my intention to make any comparisons 
between the properties it possesses, and those of other instruments of similar 
construction. I shall therefore briefly describe the various parts of the instru- 
ment, with their applications ; and then particularize their novelties : but shall 
not enter so minutely into their description, as to render letters of reference 
requisite. The general plan of the instrument will be easily comprehended 
from a view of fig. 1. Plate I. 

It is constructed upon the repeating principle, which is applied both to the 
vertical and horizontal circles. The vertical circle is 15 inches in diameter, 
and is made to revolve upon an axis to which the telescope is attached, upon 
the principle of the transit instrument ; and which carries three verniers with 
a very secure clamping adjustment, each vernier subdividing the circle into 
ten seconds. At the back of the circle there is a very accurate level, with a 
divided scale, showing seconds ; which may be considered to represent the 
horizon, or that plane to which all the vertical angles must be referred. This 
level is made to revolve upon the axis of the circle, in the same plane as that in 
which the circle revolves, upon the axis to which the telescope is affixed ; it is 
furnished with a clamp and adjusting screw. Beyond this level and close to 
the pivot of the transit axis, is a circle of six inches in diameter, very firmly 
attached to the axis of the principal circle, and may be considered as a part of 
it. For the purpose of giving motion to this, as well as to the principal circle, 
there is a clamp with an adjustment, fixed to two of the pillars ; of which there 
are four, for supporting the transit axis : each pair carrying a triangular bearing 
for the pivots of that axis. These bearings are furnished with the requisite 
adjustments for bringing the axis truly horizontal ; the horizontally of which 
is proved to be correct, by a very accurate hanging level, that has its bearings 
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upon the upper part of the pivots, exactly opposite their bearings in the trian- 
gles. This level is made to reverse, and may be continued in its place during 
the observation, or removed at pleasure. The axis is perforated, and has a 
diagonal reflector in the centre. A small lantern also is applied to the pillars, 
for the purpose of illuminating the cobwebs ; the communication of heat, from 
the lantern to the instrument, being cut off by the introduction of a non-con- 
ducting substance. Near the opposite end of the transit axis, to that which 
has been previously described, are applied two small levels, which are attached 
to two contrate wheels, and are thereby moved with the same pinion, through 
equal spaces in contrary directions ; their use being to place the telescope to 
the altitude, or zenith distance, each time the instrument is reversed ; or, in 
other words, each level alternately becomes a finder to the telescope. There 
is also a circle of six inches in diameter, attached to the transit axis, between 
the two levels and the pivot. This circle is divided, and is furnished with two 
verniers that are attached to the pillars, for the purpose of setting the telescope 
to the zenith distance, when it is used as a simple transit instrument. The 
telescope is 17 inches in focal length, and has an aperture of two inches, which 
produces an image sufficiently brilliant to enable the observer to see the pole- 
star in day-light. In the principal focus there are placed five vertical, and three 
horizontal lines. The horizontal line of collimation is proved to be correct by 
reversion. The vertical line of collimation does not require any adjustment, 
on account of the repeating principle of the instrument. The magnifying 
powers of the telescope are 20, 30, 50, and 100; and are furnished with the 
usual prisms and reflectors. The four pillars, upon which the vertical circle 
&c. rest, are supported by a strong plate ; in the middle of which is placed the 
principal horizontal centre : and to which plate are also affixed three verniers, 
one of them having a clamp and adjusting screw, and each of them subdividing 
the circle into ten seconds. This circle is 12 inches in diameter, and has a 
centre, which turns upon the principal horizontal centre, with its exterior fitted 
into the socket, that forms the middle piece of a triangular frame work, which 
supports the whole of the instrument. This frame-work is furnished with three 
socket adjusting screws, that serve for feet. The flanch of the centre, belong- 
ing to the horizontal circle, is formed so as to answer the purpose of a clamping 
circle, when the verniers and upper part of the instrument are used for repeat- 
ing the observation ; and a very strong clamp, and adjusting screw, are ap- 
plied to the triangular frame for this operation. And to prove that no motion 
of the circle takes place during the repeating of the observation, there is a very 
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accurate level (showing seconds) which is capable of being clamped to the 
circle ; and which possesses the various motions requisite to render it com* 
pletely subservient to the horizontal motion of the circle, so as to detect the 
lea9t possible movement of that circle in azimuth. Every part of the instru- 
ment is Correctly counterpoised, and the verniers are successively read off by 
attached microscopes. 

Having briefly described the general construction of the instrument, I shall 
now point out its various novelties, and their advantages. 

The repeating principle upon which the instrument is founded, is too well 
understood to require any explanation ; I shall therefore only remark, that I 
consider it to be of very great advantage to portable instruments ; particularly 
as they cannot be prepared (on account of their price and dimensions) with such 
accurate divisions, or such powerful telescopes, as those larger instruments 
possess, that are furnished for fixed observatories. It may be here remarked, 
that this instrument can be used as a simple altitude and azimuth instrument : 
for when the circles are clamped, the verniers set to zero, and the levels ad- 
justed, an altitude or horizontal angle may be taken with as much accuracy, 
as with any instrument of the same dimensions, constructed without the re- 
peating properties. 

The first novelty in this instrument (as a repeating instrument) is the trans- 
verse or transit axis. By this construction, the telescope is rendered inde- 
pendent of the plane of the circle, and by the length of the axis is compelled 
to move in a truly vertical plane : and by reversing the axis, the line of colli- 
mation may be perfectly verified. This construction, therefore, renders it 
also a good instrument for observations in right ascension. 

The second novelty is the application of the two small levels, or finders, 
which afford a very great convenience, when repeating zenith distances : as 
by this application the telescope can be readily placed to those distances, each 
time the instrument is reversed, without the aid of a divided circle. 

There is also a novelty applied to the lantern which will be found extremely 
convenient. It consists of two plates of brass, having a square hole in each ; 
these plates are moved in contrary directions by rack and pinion ; and by this 
contrivance the observer is enabled to regulate the light in any proportion that 
may be required. 

There is also an entirely new application, which will be extremely advan- 
tageous when taking horizontal angles. This is the level, which is applied to 
the principal horizontal circle ; and which in every respect answers the pur- 

i 
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pose of a second telescope, while it is much more convenient ; as the observer 
can instantly perceive the least possible motion of the circle, without the ne- 
cessity of his changing his position : and if it should be required to take hori- 
zontal angles at night, the advantage will be very considerable. 

There is lastly a new appendage, which will be found very useful, when re- 
peating the vertical angles. It consists of two arms, fitted to the lower end of 
the centre that belongs to the horizontal circle, and has a motion sufficiently 
tight to keep it at the place to which it is set. When the telescope is presented 
to the object for observation, one of these arms is brought to coincide with a 
projecting piece in the triangular frame, and when the instrument is turned 
half round, by bringing the other, or opposite arm, to coincide with the same 
projecting piece, the object will be again in the field of view of the telescope. 

The whole of the instrument is differently framed from any that has been 
previously made, and I have no doubt will be found to possess many conve- 
niences that have not been described. It was finished in January 1819, and 
is applicable to all the uses where vertical and horizontal angles are required 
to be taken. 
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III. On n Method of fixing a Transit Instrument exactly in the Meridian. 
By F. Baily, Esq. F.R.S. and L.S. 

Read June 9, 1830. 



The transit instrument is so essential a part of the apparatus of the practical 
astronomer, that every attempt to facilitate the use of it will doubtless be re- 
ceived with indulgence. When this instrument has been brought nearly in the 
plane of the meridian (which may be done by any of the methods pointed out 
in the several works on practical astronomy) it may be adjusted accurately by 
either of the following modes : 1°. by observation of the pole-star, at the time 
of its upper or lower culmination : 2°. by observing any of the circumpolar 
stars at the time of their upper and lower culmination : and 3°. by observing 
the culmination of any two stars differing from each other considerably in de- 
clination. The two former methods (independently of their requiring a build- 
ing peculiarly constructed so as to command an uninterrupted view of the 
meridian, from the northern to the southern horizon) are liable to some objec- 
tions, to which it is not my intention at present to advert: but the latter 
method may be practised in every situation in which a transit instrument may 
be placed, and as the results are extremely correct, I shall confine my remarks 
to this mode only of adjusting the instrument. Moreover, there are many 
persons, fond of practical astronomy, who have not the convenience, or who 
do not wish to incur the expense, of constructing a building of the kind above 
mentioned ; and who are therefore compelled to fix their transit instruments on 
the sill of one of their windows, or in some other similar situation : many, 
ag&in, who are travelling, with a view to improve the connected sciences of 
astronomy and geography, are obliged to fix their transit instruments in the 
most convenient and safe situation, where their prospect may be confined to a 
southern aspect : — to all such persons the method here alluded to, is the only 
one which can be adopted. Portable transit instruments, adapted to such 
purposes, are now made with great neatness and accuracy, and of various 

i2 



Digitized by 



60 Mr. Bjily on adjusting a Transit Instrument 

sizes; and are a valuable addition to every (Economical observatory, and to 
every' person travelling for the purposes above mentioned. When placed on 
the inner sill of a window, they have a range of above 70° in altitude ; and 
when placed on the outer sill, they may be pointed even to the zenith. 

I shall therefore suppose that an instrument of this sort has been brought 
nearly in the plane of the meridian, by any of the known methods for that 
purpose : after which it may be accurately adjusted by determining its devia- 
tion from the meridian by the method, above mentioned, of observing the 
transit of two stars, differing considerably from each other in declination, and 
whose right ascensions are well ascertained. The principles of this method 
have been treated on by M. Lalande in his Astronomie, vol. 2. page 715 ; by 
M Delambre in his Astronomie, vol. 1. page 421 ; and by M. Biot in his 
Traiti * Astronomie, vol. 3. Additions, page 130-: with one or other of which 
I shall presume the reader to be previously acquainted. 

The stars which should be chosen for the purpose, are those which differ at 
least 50 degrees from each other in declination*: but the nearer that difference 
approaches to 90 degrees, the more correct will be the results. Their right 
ascensions, on the contrary, must be as near as possible to each other ; a cir- 
cumstance which will moreover prevent the possibility of any error arising from 
a variation in the rate of the clock during the interval of the observations. And 
here it may be proper to remark thatrthe time, used in these computations, is 
sidereal time : if therefore a clock or watch, which marks solar time, be made 
use of, it must be corrected in the manner hereafter mentioned. 

This being premised, it will be readily seen that, in this parallel of latitude, 
one of the stars will have north declination, and the other south declination : 
and, in order to avoid repetition, I shall call the former the northern star, and 
the latter the southern star. Their declinations I shall denote by N and S 
respectively : and it may be useful to know that they may be taken out to the 
nearest minute only, as great accuracy is not required in this respect. The 
right ascensions, however, of the two stars (which must be expressed in time) 
should be taken out from the most approved tables, and corrected for aberration 
and nutation*; in order that their apparent positions in right ascension may be 

* When the two stars are at equal distances from the equator, and differing bnt little from 
each other in right ascension, their mean places on the given day may be taken ; as they will be 
nearly equally affected by aberration and nutation. Many pairs of stars, situated in this manner, 
may be mentioned : such as 0 Geminorum and r Navis, v Corona; Bore alts and <x Regtilce, $c. 
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exactly stated : on which indeed the accuracy of the method depends. The 
apparent right ascension of the northern star I shall denote by JR n , and the 
time of its observed passage, as shown by the clock, I shall denote by T n : the 
apparent right ascension of the southern star I shall denote by JR S , and the 
time of its observed passage by T s . The latitude of the place I shall denotes 
by L ,* and the quantity sought (or the deviation of the instrument in azimuth) 
by A. 

Now, in order to determine A, we must first take the difference of the ap- 
parent right ascensions of the two stars, and also the difference of the time of 
their observed transits ; that is, we must make (M. n — JR S ) = dJR and (T n — T 8 ) 
= d T ; and the formula for finding A wihV agreeably to the principles laid 
down by MM. Delambre and Biot, be 

cos N. cos S 



A=(dT-dJR)X 



sin (N+S) cos L" 



If the quantity (dT— dJR) be positive, the deviation of the transit instrument 
will be to the east of the meridian : on the contrary, if it be negative, the de- 
viation will be to the west. When it is = 0, the instrument is exactly in the 
plane of the meridian, and consequently does not require any correction. 
By the help of a table expressing, for any given latitude, the value of 

sHiY ^ ' sTcos L * n num kers, according to the sum of the declinations (or the 
difference of the polar distances) of the two stars observed, we may, almost by 
inspection, obtain, in every case, the value of A, or the deviation of the transit 
instrument required ; and consequently bring it afterwards exactly in the me- 
ridian, so as to be enabled to adjust it at any time to a meridian mark. The 
table, which I have here given, is calculated for the latitude of Greenwich 
(=51°. 40") : but since it is not necessary to be very exact in the declina- 
tion of the star, it will suit any other place not very distant from that parallel of 
latitude. I might have constructed the table so as to have been general, for 

all latitudes, by merely taking the value of ^^^8) ; w ^* c h va ' uemusttnen 
have been divided by the cosine of the latitude of the place where the observer 
might be situated. But, 1 have preferred, in the present instance, confining 
the table to the latitude of Greenwich ; subjoining, however, a correction for 
the use of it in any other part of England. 

The first perpendicular column of the table denotes the sum of the declina- 
tions (or the difference of the polar distances) of the two stars, for every "degree 
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from 42° to 72° : arid opposite thereto is set down, in separate columns, the 
value for finding the deviation of the instrument in azimuth, according to the 
value of N, or the northern star, from 24° to 40° ; those limits being sufficient 
for the purposes alluded to in the preceding part of this paper. The propor- 
tional part for any intermediate difference may be readily seen, on inspection. 
These values, multiplied by (d T — d JR) or the difference between the differ- 
ence of the apparent right ascensions of the two stars, and the difference of 
their observed transits, will show the value of A, or the total deviation of the 
instrument in time; which, multiplied by 15, will give the deviation in arc: 
and when the deviation of the instrument has been thus determined, it may be 
corrected in the usual manner. An example or two will best explain the use 
and application of the table, and the mode of operating in such cases. 

On July 1, 1819, I placed my transit instrument nearly in the meridian; and 
in order to ascertain how much it deviated from the true meridian I observed 
the two stars y Lyra and t Sagittarii. The passage of the former was ob- 
served at 18\ 52'. 37",3, and of the latter at 18 h . 56'. 4",5 sidereal time. The 
apparent right ascensions of those stars, on that day, were 18 h . 52\ 9",8 and 
18 h . 55'. 39",7 respectively : and their declinations were 32°, 27' north, and 
27°. 55' south. Consequently the operation will stand thus 

iR n = 18 h . 52'. 9",8 T n =18\ 52\ 37",3 

iR 8 = 18. 55. 39,7 T 8 = 18. 56. 9,9 

dJR = - 3.29,9 dT = - 3.32,6 

whence (dT— d iR)=— 2",7. This value, being negative, shows that the 
deviation is to the west : and in order to determine the quantity of the de- 
viation, we must take the sum of the declinations (or the difference of the 
polar distances) of the two stars; which in this case is equal to 60°. 22^; or, 
for the sake of round numbers, equal to 60° : and the declination of N (or the 
northern star) is about 32°. Consequently against the number 60 and under 
the column headed 32° we shall find 139 ; which being multiplied by — 2",7 
will give — 3",75 for the deviation of the instrument in time : and this multi- 
plied by 15 will give — 56",3 for the deviation in arc westerly. 

Again, on Jan. 1, 1820, having reason to suspect that the transit instrument 
(from some motion which had been given to it) deviated from the plane of the 
meridian, I observed the passage of e Canis mdjoris, and of Castor: the former 
at 6\ 52'. 45",6, and the latter at 7 h . 24'. 28",4. The apparent right ascension 
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of those stars on that day was ff 1 . 51'. 34",3 and 7 h . 23 / . 7",3 respectively ; 
and their declinations were 28°. 44' south and 32°. 16' north. Consequently 
the operation will stand thus 

M n = 7 h . 23 / . 7",3 T n = 7 h . 24'. 28",4 

JR*= 6. 51. 34,3 T s = 6. 52. 45,6 

dJR- + 31. 33,0 dT = + 31. 42,8 

whence (dT— dJR)= + 9",8. The sum of the declinations (or difference of 
polar distances) being in this case 61°, we shall find that the value to be adopted 
is 136 ; which being multiplied by +9",8 will give + 13",33 for the value of 
A in time, or (multiplying this by 15) +3'. 20" for the value of A in arc. And 
this quantity being positive shows that the deviation was to the east. 

If observations of this kind be made about sunrise or sunset, and after the 
passage of the stars, the telescope be pointed to the horizon and compared with 
some object there, a meridian mark may be set up, which may be corrected 
from time to time by subsequent observations on various stars, similarly situated. 

I have already stated that in all cases of this kind, the time employed is sup- 
posed to be sidereal time, and that if a clock or watch be used which marks 
mean solar time, the interval between the observations must be corrected ac- 
cordingly. This correction is made by converting the value of d T (which is 
expressed in sidereal time) into mean solar time, in the usual manner, by adding 
the acceleration of the fixed stars for that interval. Thus, in the case last stated, 
suppose that the passage of s Canis majoris had been observed at 12 h . 10'. 31",6, 
and the passage of Castor at 12 h . 42'. 9",2 mean solar time: the difference be- 
tween these two (or d T) would be 3r. 37",6, to which the acceleration of the 
fixed stars for that interval (=5",2) must be added; whence the difference 
will be, as before, =31'. 42",8. So that, by means of this correction, it will be 
indifferent whether the clock shows sidereal or mean solar time. 

Before I close this paper I shall point out another important use to which these 
observations may be applied; namely to correcting the error of the clock at the 
time of observation. For after the quantity of the deviation is found, as above 
explained, the error of the clock may be determined by means of the transit of 
either of the stars employed ; that is, of either N or S ; but, for the sake of 
uniformity in the investigations, I shall confine my remarks to N, or the northern 
star. Let the observed time of the passage of N be denoted as before by T n ; 
a»d the apparent right ascension of N by jR n , and let the error of the clock at 
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the time of observation be denoted by E. Then, from the principles laid down 
by M. Biot, we shall have 

'b=(t.-a-)+a^£5 s . 

The value of 8in (L ~ N) for the latitude of Greenwich I have thrown into 
cos N 

numbers, and placed in the last line of the table at the end of this paper, so as 
to be ready for immediate use when required. It is denoted by c, since it 
serves to denote the correction of the clock. The application of the formula 
is very simple : the rule being as follows. Prom the observed time of the 
transit of the northern star deduct the apparent right ascension of the same 
star; to the difference add the product Ac : the sum is the error of the clock; 
which, when it is negative, shows that the clock is too slow. 

For example ; in the first case mentioned in this paper, the difference be- 
tween the observed and apparent time of the transit of y Lyra is (18 h . 52'. 37",3 
— 18 h . 52'. 9",8) = +27",5: the deviation of the transit instrument has been 
found to be — 3",75 in time, and the number in the table, against N (= 32°) 
is -39 : the product of these two is — 1",5 : so that 27",5 — 1",5 = 26",0 is the 
error of the clock at the time of observation, which being positive shows that 
the clock was too fest. I shall here repeat that the observed time, here alluded 
to, is supposed to be sidereal time : and therefore if mean solar time be em- 
ployed in the observation, it must be converted into sidereal time, by any of 
the methods laid down for that purpose. It may be useful to remark that, in 
all observations of this kind, it is presumed that the proper adjustments of the 
transit instrument are made previously to observation : and particularly that 
the axis of the telescope is rendered perfectly level : otherwise the observation 
will partake of the error arising from this source, and render a further correc- 
tion necessary. 

I shall conclude by observing that M. Delambre prefers this mode of adjust- 
ing a transit instrument to that of observing the passage of the circumpolar 
stars, which requires an interval of at least 12 hours, during which time con- 
siderable alteration may have taken place in the rate of the clock ; and there- 
fore cannot be conveniently practised except when the days are very short, 
and in a building constructed peculiarly for meridional observations. Whereas 
the observations, here alluded to, may frequently be completed in a few mi- 
nutes ; at all times of the year ; and often by daylight. The tables are very 
easily computed, and therefore every practical astronomer who requires greasier 
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accuracy should calculate them for the latitude of his own observatory. In 
which case, the labour will be very considerably abridged if he confines the 
table to the declination of those stars which are most frequently used by him for 
such comparisons. 

It may be proper to state, that the values in this table (except those in the 
last line) must be multiplied by the following numbers, for any other parallel of 
latitude to the southward or northward of Greenwich : viz. if 

south 1°, by 979 
north 1°, by 1.033 

2°, by 1.047 

3°, by 1.072 

4°, by 1.099 

so that in no part of England will the correction amount to -rVth, nor if within 
2 degrees of the latitude of Greenwich, will it amount to -^th of the whole 
value. The last line, for the correction of the clock, is adapted to the latitude 
of Greenwich only. 
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IV. On the doubly -refracting property of Rock Crystal, considered as a 
principle of Micrometrical measurements, when applied to a telescope. 
By the Rek. W. Pearson, LL.D. F.R.S. and Treasurer of this Society. 

Read March 10, 1820. 



As the improvement of astronomical instruments is one of the professed 
objects of the Astronomical Society of London, I shall not make any apology 
for taking an early opportunity of laying before ito members a method of mea- 
suring small angles, that has for its basis that singular property of several 
crystallized bodies, the phenomenon of double refraction. Of these bodies, 
rock crystal (on account of its hardness, transparency, and capability of re- 
ceiving a high polish) seems to be peculiarly adapted, to answer the purpose 
of constituting that species of micrometer, which is most convenient for mea- 
suring the diameter of a body in motion, or the angular distance between two 
bodies in motion ; viz. the double-image micrometer. 

Although the phenomenon of double refraction of the rays of light, passing 
in a particular direction through some crystallized diaphanous substances, but 
particularly the Iceland spar, has been known to men of science ever since the 
time of Bartho linus and Huygens, yet few probably are acquainted with the 
precise means, that have been successfully employed, to render this curious 
principle useful in micrometrical measurements. The Abbe Rochon, a late 
member of the Royal Institute of Paris, discovered, and made known about 
the year 1783, a method of compounding two prisms of rock crystal in such a 
manner, that any small object seen through them appeared double ; and the 
constant angular distance between the two images, thus formed, was ingeni- 
ously made the ground-work of a micrometrical telescope. A pamphlet, giving 
a particular description of this telescope, was published by the inventor, in the 
year 1807, at Paris, under the title of " Mimoire sur le Micrometre de Crystal 
de Roche:" which pamphlet is become scarce; and indeed cannot now be 
obtained from any of the booksellers in Paris. It may be proper therefore to 

k2 
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give a brief account of the construction and principal defects of this original 
instrument (of which I believe there is no description in the English language) 
before I proceed to consider a different and more recent application of the 
same principle of double refraction, to form a micrometer in conjunction with 
an astronomical telescope. 

When Abbe Rochon availed himself of the ordinary and extraordinary 
refractive powers of a piece of transparent rock crystal, he was aware that it 
was necessary for the rays of light to be transmitted through a section made in 
one particular direction in order to produce two well denned images : but this 
direction he could not readily ascertain, unless the form of the crystal re- 
mained perfect, or so nearly so, that its axis could be known. Hence much 
labour was probably lost, and several pieces of fine crystal were destroyed, in 
forming experimentally a prism, with the plane, facing the incident ray, cut 
in such a direction, as would give the most distinct images. This practical 
difficulty, no doubt, enhanced the value of the original instrument, and limited 
the number that were made under such a disadvantage : but when the inge- 
nious Malus, some few years ago, investigated what he denominated the 
polarization of light, his instrument greatly facilitated the determination of the 
sections, most suitable for forming the feces of the doubly-refracting prism, 
and also of a second prism, which, without altering the constant angular mea- 
sure of the first, renders it achromatic, and therewith constitutes a regular 
body with parallel faces ; which may be called the prismatic solid. When a 
pencil of rays of light is transmitted through a prism of rock crystal in a direc- 
tion parallel to its axis, it suffers only the ordinary refraction : therefore the 
achromatizing prism must have that face, which receives the incident rays, 
cut at right angles to the axis, in order to prevent double refraction in it. But, 
in the other prism, the hypothenusal face must be made parallel to the axis ; 
and then the rays, felling obliquely on it, after having passed the first prism, 
will be divided, and will form double images free from colour. When the two 
prisms, thus cut, are polished, and brought into contact at their hypothenusal 
faces, the quantity of the constant angular measure, or distance between the 
centres of the two images, will be directly in proportion to their refracting 
angles, which must be alike in both prisms ; and as the thickness of the pris* 
matic solid will, in. all cases, depend on the measures of the refracting angles 
of each separate prism, this thickness, when the other faces are of similar 
dimensions in different prisms, will be a prima facie criterion of the distance 
at which the two images will be formed from each other. 
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In constructing an achromatic prismatic solid two remarkable circumstances 
have occurred. One is, that whatever may be the measure of the refracting 
angle, ,n degrees, of any prism of double refraction, its constant angular 
measure, of the d,stance between its two images, will be very nearly the same 
number of mtnutes. And from this extraordinary coincidence the French 
opbcians are accustomed to measure degrees of the refracting angle, in form- 
ing a prism, that shall measure just so many minutes. The other circumstance 
is, that a larger measure can be obtained by a prismatic solid, when the con- 
t.guous feces of the prisms are moistened, or smeared with some gummy sub- 
stance than when they are in contact in a dry and clean state. The incident 
rays will be entirely transmitted at a greater angle of obliquity in the former 
case, than ,n the latter; and on this account Canada balsam, or mastic en 
larmes, is employed to unite the two prisms together; which either of them 
wiO do, without affecting the transparency : and as the refractive powers of 
hese substances are nearly the same, as that of the crystal itself, the value of 
the measure is not affected by their interposition. 

The method of applying the double solid, as a micrometer in the original 
contnvance, was thus : the solid, being fixed into a piece of brass tube, was 
made to slide within the tube of the telescope, from the object-glass all the way 
to its focus, where the image was formed; while an index, connected with 
this tube, penetrated a longitudinal slit made in the principal tube, and passed 
along it, serving, at the same time, to give motion to the attached solid, and 
to indicate the divisions engraven along the tube, in a line of graduations 
running parallel to the slit, and co-extensive with it. On this longitudinal 
scale there were just as many divisions, as the constant angle of the doubly- 
refracting prism contained minutes ; so that the same prism always necessarily 
applied to the same focal distance of the object-glass; and as the telescope 
seldom exceeded 23 or 34 inches in length, it was not expected to measure an 
angle to the accuracy of &few seconds. The chief use of the instrument 
seems to have been, to ascertain distances, either absolutely, or comparatively, 
as a coming-up glass ; and it was therefore chiefly employed in the naval and 
military services ; which is the reason, why the French distances corresponding 
to any measured angle, (subtended by a scale of given or supposed dimensions) 
were engraven, at the places of the angular measures, in a regular series of 
numbers. A table of distances corresponding to any number of minutes and 
decimal parts measured by the instrument, was also printed, and made a 
companion thereof; in which were directions for the application of the micro- 
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meter to the determination of the distance of a regiment ; in which a soldier 
is proposed to be taken at five feet six inches and a half, French measure. 
For such a purpose the instrument was both convenient and competent ; but 
it appears doubtful, whether it was ever usefully employed iu astronomy. 
For, in the first place, the magnifying power of the telescope was not suffi- 
cient, to determine any measure of a small angle to the accuracy of a few 
seconds; and secondly, as the rays of light were transmitted through the 
solid crystal, before they arrived at the focus of the object-glass, and formed 
the image of any object, the vision was disturbed, and the images were sel- 
dom well defined at the extremities. Indeed M. Arago informed me lately, 
that he never could measure the diameter of the sun accurately with a 
Rochon's micrometer, as it has hitherto been constructed. With respect to 
the principle on which the micrometer is constructed, it has been already 
said, that when a pencil of rays of light fall on the exterior face of the first 
prism, they will pass through it without being divided, by reason of the pas- 
sage being in a direction parallel to the axis of the crystal, of which the first 
or achromatizing prism is formed. But when this pencil, after suffering only 
the ordinary refraction, reaches the sloping face of the second prism, at the 
place of union with the first (as this face is cut in the direction of the axis), 
the pencil cannot cross it, without being subject to both the ordinary and 
extraordinary refractions ; and is therefore divided into two pencils, each of 
which produces an image with one half of the light only, that a single image, 
formed by ordinary refraction alone, would have had, if the pencil had not 
been divided. Let. us . suppose now that the prismatic solid is placed conti- 
guous to the object glass ; that the point, where the pencil begins to divide 
itself, is the angular point, where the two straight lines, meet, in which the 
two divided pencils proceed after division ; and that they continue to diverge, 
after emergence from the doubly-refracting prism, until they arrive at the focus 
of the object-glass, where they form two images : then if a piece of unpolished 
glass, by way of screen, were situated in ihe focal point, so as to intercept the 
two diverging pencils, it is obvious, that the distance between the images of 
any distant luminous point, thus seen, will be the subtense of the constant 
angle ; and will be the greatest possible.while the prism remains at the greatest 
distance from the screen. But remove the prism nearer, .and the subtense 
will apparently diminish, in proportion to the diminished distance, on the 
principle of similar triangles. And lastly, when the prism occupies the place 
of the image, in the focus, the subtense will be nothing; or, in other words, 
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the two images will coincide. Hence the total length of the tube of the mi- 
crometrical telescope, as made by Rochon, or under his direction, constituted 
the scale of measurement ; and it is evident, that either increasing the focal 
length of the object-glass, or diminishing the constant angular measure of the 
prism; will give an extent to each minute of the scale, which, if the vision 
were good, would admit of subdivisions even to single seconds. But it is un- 
derstood to be extremely difficult, to obtain a piece of rock crystal, of the size 
of a good object-glass, that is both perfectly transparent, and of uniform den- 
sity ; and in a conversation with Mons. Lenoir, last summer, I learnt, that 
however choice the crystal may be, it requires the object-glass also to be very 
good, before good images can be obtained through the doubly-refracting prism; 
a desideratum more easily obtained in London than in Paris. 

Having never seen a Rochon's micrometer before I had this interview with 
Mons. Lenoir, and having been previously engaged in contriving new ar- 
rangements of micrometers, I felt considerable interest in inspecting the mi- 
crometer in question, as constructed by this eminent optician : and felt quite 
satisfied, from the trials made on his premises, of the accuracy of his informa- 
tion. On inquiring whether any allowance was made in the angle for mea- 
suring distances, for want of parallelism of the incident rays of light, Mons. 
Lenoir showed me a small scale, sometimes applied to the eye-end of the long 
tube of Iris telescopes, to indicate the excess of focal length, beyond the sdlar 
focus, at short distances, and to give in this manner the requisite correction. 
On examining an object with the face of the prism in the focal point (to sa- 
tisfy myself, that the image, then formed, is a single well defined image), I 
had occasion to adjust nicely for distinct vision : and in doing this, I disco- 
vered that, when the prism was out of the focal point, a pair of images would 
be formed at the anterior side of this point, as well as at the posterior, as they 
have reference to the eye looking through the telescope. And it appeared pro- 
bable that equal distances on each side of the exact focal point gave equal mea- 
sures, as far as the small space, left near the eye-end of the tube, would admit 
the prism to go. Prom this circumstance I immediately concluded, that two 
images might also probably be formed by a prism, after the rays had proceeded 
through the lenses constituting the eye-piece ; but did not perceive, at the 
time, what the measure of an angle would be, that might probably be so ob- 
tained. I desired Mons. Lenoir to adapt me a double prism of clear crystal 
to a cell, that I might apply it at the eye-end of a telescope, for the purpose of 
making experiments oi> this mode of application : on which he laughed at the 
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idea, and assured me, that, as the angle of every prism is constant, there is no 
other way, but that adopted by M. Rochon, by which a variety of measures 
could be taken ; when I endeavoured to explain to him how Dr. Brewster 
had varied the measure in his patent telescope, by a variation in the power (a 
term which, it appeared, he did not understand, until I* applied the word am- 
plification). At length Mons. Lenoir undertook to comply with my wish of 
his fitting a prism into a cell ; but he had no idea that a small prism, some- 
what larger than the pupil of the eye, would have been sufficient for my pur- 
pose, and therefore he mounted one large enough to be used on Rochon's 
principle. While this prism was preparing I visited M. Arago at the Royal 
Observatory, and on informing him what I had in hand, he appeared sur- 
prised, and fetched from a private cup-board, or drawer, a celestial eye-piece, 
with a small prism actually applied to it in a cell, in the way I had ordered 
Lenoir to fit up his. I then learnt, that the objection, as to indistinctness of 
vision, which applies to Rochon's construction, is obviated by this new appli- 
cation of the prism ; by means of which the image, regularly formed without 
previous transmission of the rays through the crystal, is viewed double ; and 
I have since found, that the eye-lenses only modify the measure of the angle 
of the two images, as seen through them and the prism conjointly. What 
M. Arago had determined this modification to be, he did not inform me, ex- 
cept that he tabulated, from experiment, the angular measures which resulted 
from different arrangements of his lenses, that produced different amplifica- 
tions : and that the angles so measured are very small. But the objects ap- 
peared, he said, much more distinct, than when the images are formed by 
Rochon's micrometrical telescope. 

On my return from the Royal Observatory, where I learnt that Soleil made 
the small prisms, I applied to this optician to make me about half a dozen, 
similar to those which he had made for M. Arago ; to be adapted to a similar 
eye-piece. But I was informed, that he knew nothing of the construction of 
M. Arago's eye-piece, nor to what purpose he applied his prisms. As the sub- 
ject of eye-pieces was familiar to me, and as I had previously succeeded in 
giving variable powers to a terrestrial eye-tube, I had no difficulty in contriv- 
ing a celestial one, that has the same property, and that I found was essential 
to give a value to the micrometrical measure with each successive power that 
was to be used, to modify the operation of each prism (or rather pair of prisms), 
that I had ordered. But before I proceeded to construct an eye-piece with 
variable powers, it was necessary to satisfy myself in what way, and to what 
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degree, the modification of the measure of a small angle was affected by an eye- 
piece of known power. The probability was, that as the angle of the prism 
remains constant with the same power, and diminishes apparently as the power 
increases, the ratio of the diminution of the angle might be inversely as the 
increase of the power. And I soon ascertained (from applying a prism to my 
pocket telescope with variable powers, that I had with me in Paris, and from 
examining with it a graduated scale, with the prism first at the object-end and 
then at the eye-end) that this is the ratio, as nearly as experiment can deteiv 
mine. I then contrived such an arrangement of the lenses of an eye-piece, 
which Soleil constructed under my direction, as completely answers the pur- 
pose for which I contrived it ; and 1 have since ascertained, both from theory 
and practice, that universally the constant angle of a prism of double refrac- 
tion, divided by the magnifying power of any telescope, is the measure of the 
mall angle, as viewed threugh the same prism, nearly in contact with the eye, 
in that telescope. For instance, if the constant angle of the prism be 3(f, and 
the power of the telescope 60, the small angle, measured in this way, will be 

60 ^ 

But before the doubly refracting prism can be rendered useful in measur- 
ing small angles, the constant angle which it measures, as viewed by the un- 
assisted eye, must be accurately known ; and also the magnifying power of the 
telescope, as used with it. For on these data the accuracy of the measure, 
taken by this method, entirely depends. I shall therefore devote the remainder 
of this memoir to a consideration of these two necessary objects. The first 
practical method that occurs, of ascertaining the constant angle of a prism, is 
that which calls in the aid of trigonometry. If a disc of writing paper is placed 
on a dark post, at such distance, that the two images of it, seen through the 
prism, just eome in contact, the diameter of the disc, and the distance of the 
post from the eye, accurately measured, will supply data for calculating the 
angle subtended by the disc ; or (which is the same thing) the constant angle 
of the prism in question. For, if the diameter of the disc be taken as radius, 
and the distance as tangent, in the same denomination of measure, the former 
divided by the latter will give the natural tangent of the angle required ; the 
corresponding angular value of which may be had by inspection of a good 
table of natural tangents, to the required degree of accuracy. This method 
supposes the eye competent to judge of exact contacts at some distance, which 
cannot be done with sufficient precision without the aid of a telescope. But 
W no apparent alteration takes place in the constant angle of a prism, when 
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placed before, or beyond the object-glass of such instrument, the determina- 
tion may be made with considerable correctness, when all the light is excluded 
from the telescope, except what is allowed to pass through the prism, before it 
enters the telescope. A disc of one inch, placed at the distance of 95.49 yards 
from the eye, will subtend exactly one minute of angular measure : and there- 
fore a yard at the same distance will subtend 36'. And when the two images 
of such a scale come in contact, as seen through any prism at that distance, its 
constant angle will be 36' ; but more or less, according to the number of inches 
that the deviation from exact contact is in excess or defeot : and the contact 
may be made exact by varying the distance accordingly. M . Biot in his 
Pricis EUmeniaire de Physique, vol. 2. page 273, has explained M. Arago's 
method of determining the constant angles of his prisms on this principle ; 
but to avoid the trouble of varying the distance for different prisms, this emi- 
nent astronomer made concentric circles on a distant plane, and selected out 
of the number such as would come exactly into contact at the same distance, 
when viewed successively through different prisms ; and thence calculated the 
corresponding angles. M. Arago's prisms are very thin, and consequently 
have small constant angles, requiring but little power of magnifying. But 
when M. Biot says, that his friend determines the magnifying powers of his 
telescopes by a prism not much exceeding a millimetre (or about ^ of an 
English inch) in thickness, he must probably have made a mistake : such prism 
might be used to measure an extremely small angle ; but it will be seen pre- 
sently, that it would not answer so well, for the purpose that is here men- 
tioned, as one considerably thicker, or having a larger refracting angle. 

That I might the better exclude the superfluous light from the object-glass 
of a telescope of 45.75 inches focal distance, when I determined the constant 
angles of my prisms, a small hole was made in its large cap with a screw in it 
to receive the cells of nine different prisms, that have corresponding male 
•screws, which are also adapted to the cap of my variable eye-piece, when 
wanted at the eye-end for making observations. Now as I had a very nice 
spider's-line micrometer by Troughton fitted to this telescope, it occurred to 
me, that the distance between two small discs, or luminous points, might be 
very accurately measured by this micrometer, when the two images made by 
a prism, screwed into the cap of the object-glass, were taken as those points : 
and it was found on trial, that, though the distance, at which a small white disc 
required to be placed, in order to be distinctly visible, was not considerable, 
yet much trouble was avoided, and great accuracy obtained, by adopting the 
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scale of this micrometer/ with its tabula* value corrected for distance, in pre- 
ference to the more obvious method of determining the visual angle 'of a trk 
angle, subtended by a larger disc, where the data were more difficult to ascer- 
tain with precision. When the cells, containing the small prismatic solids' 
were screwed into the large cap of my telescope, successively, on a clear day 
the two images of the disc were better defined in some of them than in others! 
But in all of them the image produced by the extraordinary refraction, was 
not so well defined, as that produced by the ordinary refraction : it had -also 
some colouration, or indication of polarized light ; and I perceived that this 
method of viewing a disc, with the considerable power of a good telescope, 
affords an excellent criterion of the comparative goodness of any prism, se- 
lected out of a number, having nearly the same constant angle. When' the 
telescope was adjusted for distinct vision, and the disc was seen clearly through 
one of the prisms, applied to the cap of the object-glass, the distance between 
its corresponding limbs was measured with great care, by means of the spi- 
der's lines, in the usual way ; and the revolutions and parts were noted, with 
their proper angular measure and correction for distance, from which the true 
angle was deduced. The same was done for all the other prisms in succession, 
and the subjoined table contains the results. The distance at which the disc 
was placed was only 64± yards, and the table from which the corrections were 
taken, was one which I had previously had occasion to calculate. 

TABLE I. 



Prisms 
used. 


Revolutions 
of 

Micrometer. 


Apparent 
Measures. 


Corrections 

for 
Distance. 


True Measures 
of the Constant 
Angles. 


N° 1 


4.20 


3'. 2",7 


- 5" 


2\ 57",7 


2 


7.80 


5 . 39 ,3 


- 9,5 


5 . 29 ,8 


3 


13.85 


10. 2,5 


-17 


9.45 ,5 


4 


21.43 


15.32,2 


-26 


15. 6,2 


5 


31.00 


22.28 ,6 


-38 


21 . 50 ,5 


6 


34.00 


24 .39 ,0 


-42 


23 . 57 ,0 


7 


34.05 


24.41 ,2 


-42 


23 . 59 ,2 


8 


55.37 


40. 8,6 


-68 


39 . 0 ,6 


9 


61.34 


44.28 ,3 


-72 


43 16 ,3 



l2 
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Though I had no reason to doubt the accuracy of the constant angles con. 
tained in the last column of this table, yet I was desirous of corroborating these 
determinations by some other method, of which the magnifying power of the 
telescope used might enter into the elements of calculation. From a hab, of 
using the same micrometer with telescopes of various focal lengths, as well as 
from theory, it was previously known, that the measure of one revolution, of 
any micrometer's screw, varies inversely as the focal lengths of the object, 
glasses with which it is used ; or (which is the same thing) inversely as the. 
magnifying powers of the telescopes vary, when the same eye-piece is used. I 
considered therefore that the power of any one of my telescopes, multiplied by 
the corresponding value of one revolution of my micrometer's screw, would 
always give the same product, as the power of any other telescope multiplied 
by the corresponding value of a revolution of the same screw applied to it. 
That is, if P be the power of one telescope, and V the value of a revolution 
of the micrometer's screw, when used with it ; and p and v be respectively 
the power and value with another telescope ; then there will be this ratio, 
P : p : : v : V. But it is known, that in such ratio the product of the two ex- 
tremes is always equal to the product of the two mean quantities ; conse-i 
quently we have P X V = p X »• Now as I had previously determined the 
values of my micrometer with several telescopes of 3J, 3§, and 6£ feet focal - 
length, respectively, and had also ascertained their powers, I took a mean of 
all the separate products, and found it 2040"; the product of the 6£ feet tele- 
scope being P X V = 79.65 X 25".62 = 2O40",6, and the rest differing but a 
few seconds each. Having thus the average of P X V of all my telescopes, I 
took this constant number as the basis of my second method of determining 
the constant angles of the prisms thus ; the prisms were now applied, in suc- 
cession, to the small cap at the eye-end of the telescope of 45.75 inches,, with 
the view of measuring the distance between the centres of the same disc that 
had been used with the prisms in the cap of the object-end. In the first posi- 
tion, all the three spider's fines were doubled : viz. the horizontal one, and 
the two vertical ones. But, turning the cap, which held the prism, round a 
little, brought the two images of the horizontal line into one, while it opened 
the other images, or lines, wider apart : a little motion given to the screw, 
however, soon brought the second and third lines into one black strong line, 
and left the first and fourth more faint, at equal distances to the right and left. 
In this situation I found I had obtained the measure of the angle wanted, for 
the second line of the first image was become co-incident with the first line of 
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the second image, and the distance of either of the extreme lines from the 
strong black one, in the middle, was the quantity. of the measured angle, as 
indicated by the micrometer ; the same thing was done at the other side of 
the micrometer's zero, and a mean of the two measures gave the true one, 
without any index error. The circular disc was disregarded in this operation, 
and the measures of all the angles were taken by the spider's lines only, in 
tie way that has been described : the various prisms having been successively 
applied to the cap at the eye-end of the telescope. This process is as simple 
as accurate. When any prism is screwed into its place, the two images of the 
horizontal line must first be brought into one strong line, and then the two or 
four vertical images pf the co-incident, or separated lines (as the case may be), 
must be brought nicely into three ; of which the middle one will be always 
much darker than either of the others, by reason of there being then two 
images occupying the place of one. It is indeed astonishing with what degree 
of precision the small angle of any prism may b$ taken in this way ; and, what 
at first was not suspected, the micrometer indicated the same quantity, to 
whichever telescope it was thus applied with any prism, or even when it was 
detached from the telescopes altogether. Hence it was ascertained, that the 
modification of the small angles, now measured, had no reference to the length 
of the telescopes, but only to the lenses of the eye-piece, through which the 
images were viewed : and that the constant product 2Q10" (which has also re- 
ference to the same eye-piece in all the telescopes) was the number to be se- 
parately multiplied, by these micrometrical measures, to produce the respective 
constant angles of the prisms. An inspection of the annexed table, which con- 
tains the results, will show how correctly the constant angles of each prism, 
unaltered by the power of the telescope, bave been deduced by an inverted 
operation, giving the greater quantity from, the smaller, but by a method quite 
independent of the former, and in no way connected with either distance, or 
adjustment for vision, except as to the distinctness <*f the spider's lines, that 
remained the same in all the measurements. 
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TABLE II. 



Prisms 


Const. Prod. 


Measnre of 


used. 


X Revolutions. 


Const. Angles. 


N" I 


2040" X 09 


3' . 3",6 


2 


X .16 


5 . 26 ,4 


3 


X 29 


9 . 51 ,6 


4 


X 44 


14 . 57 ,6 


5 


X .64 


21 .45,6 


6 


X .70 


23 . 48 ,0 


7 


X 71 


24 . 8,0 


8 


Xl.15 


39 . 6 ,0 


9 


X127 


43 . 11 ,0 



The measures, contained in this little table, depend on a very careful ex- 
amination of the co-incidence of the second and third images of the spider's 
lines in the micrometer ; in which a very small error will be multiplied many 
times by the constant product SOW', here used as a factor ; and therefore the 
constant angles contained in Table I. must be preferred ; the whole angle 
having been obtained at one measurement. But as the latter method of deter- 
mining the constant angle of any prism, requires not a telescope, and may be 
taken by the micrometer alone, by the help of the constant factor 2040", peculiar 
to the micrometer in question (and to all micrometers having the same thread 
on its screw, and the same magnifying power in the eye-piece), it may often 
be convenient to try the angle of a new prism thereby, in selecting one, of a 
required constant angle, out of many that may be offered for such selection : 
and in this way the micrometer becomes a new instrument ; and may, not 
inaptly, be called a prismometer, when applied to this particular purpose. 

We have now before us, in these two tables, data sufficient for determining, 
with considerable accuracy, the power that was used with the telescope of 
45.75 inches focus, when the measures of the micrometer contained in the first 
table were taken. It has already been said, that if the constant angle of any 
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prism be divided by the power of the telescope, to which it is applied as a dou- 
ble-image micrometer at the eye-end, the quotient will be the measure of the 
angle, subtended by a line joining the centres of the two images of the object 
observed. Therefore, if the natural constant angle of any prism be divided 
by the measure obtained with any given power, the quotient will be that power: 
the constant angle being a quantity always equal to the product of any power 
by its corresponding measure. Thus, if we take the micrometrical measures 
of the nine prisms, contained in the second column of the first table, as taken 
with the prisms before the object-glass, and divide them by the small measures 
taken with the same prisms at the eye-piece, as contained in the second column 
of the second table, we shall have nine different determinations of the tele- 
scope's power : and a comparison of each with an average of the whole will 
show which determination, or which measure of the constant angle, has been 
most, and which least, accurately taken in the second table. The results are 
tabulated in the third, or following, table ; and afford the easy means of de- 
tecting the nature and extent of the small errors existing in the second table. 



TABLE III, 



Prisms used. 


Measures. 


Powers. 


N° 1 


4.20 

W 


46.6 


2 


7.8 
.16 


48.7 


3 


13.85 
J29 


47.7 


4 


91.43 
.44 


48.7 


5 


31 
.64 


48.4 


6 
7 
8 
9 


34 

7? 

34.05 
.71 

55.37 
1.15 

61.34 
1.27 


48.6 
47.9 
48.1 
48.3 



If an average be taken of all the powers in this table, it will be found to be 
and a comparison of the constant angles of the respective prisms, as 



Digitized by 



80 Dr. Pearson on the doubly-refracting Property 

given in the two preceding tables, will show, that generally where the power 
now determined by any prism is in defect, as compared with the average , the 
constant angle in the second lable, when compared w.th the same in the first, 
isinewisitoughttobe; and the contrary. Which circumstance proves, 
that theconstant angles determined by the first method alone may berehedon 
But the powers which have been now determined, though relatively correct, 
are all absolutely too great, by reason of their having been taken at a short 
distance, when the drawer of the telescope was necessarily elongated, to pro- 
duce distinct vision of the disc observed. The proper correction may be thus 
applied. If f be put for the solar focus of the object-glass of any telescope, 
and d for the distance of the object observed (which in this instance was 64* 
yards), then, by a theorem in dioptrics, we shall have -^j = e for the excess 
pf the elongated over the solar focus of the object-glass. And as the powers 
ace directly as the focal lengths/where the eye-piece remains the same, we 
shall have Uie following ratio, as/+.e ;/: : increased power : solar power. 
Thus, since/= 45.75 inches, or 1.27 yard, and d = 64£, the calculation of e 

_jn be 1M * lM = .0356 of a yard, or .922 of an inch for the elongation; 

and consequently the proportion will be as 45.75 + .922 : 45.75 :: 48.11 -.47.16. 
Hence we find that, though the power of the telescope was 48.11, when view- 
ing an object at 64J yards distance only, yet its real power, when adjusted to 
a celestial body, or with parallel rays, will be only 47.16. And accordingly on 
marking with a pencil the two positions of the drawer, or sliding tube, of the 
telescope, when adjusted successively to the disc, and to the sun, the distance 
between the two pencil marks measured full nine-tenths of an inch ; which 
practical measurement corroborates the calculation arising from the theorem. 
After these very satisfactory results had been obtained, it occurred, that a stiU 
further confirmation of them might be had, by taking a measure of the power, 
already determined, with a very good double-image dynameter by Mr. Doi- 
xo«d, which was accordingly done in the usual way, but with unusual care. 
And this comparison, by a method totally different from, and independent ot, 
the preceding operations, has put the question of accuracy beyond a doubt 
A cap, with an aperture of 3.01 inches, was applied before the object-glass ot 
the said telescope, having the same eye-piece ; and when the adjustment was 
made for distinct vision of a celestial body (a precaution always to be taken in 
taking celestial powers), the small image of this aperture was 3.20 revolutions 
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of the dynameter's screw, on an average taken at both sides of zero of the 
scale : and as each revolution is equal to -jV of an inch, this quantity, ex- 

3 01 

pressed decimally, will be 3.20 x .02 = .064; so that = 47.03 is the . 

solar power thus ascertained ; which differs almost insensibly from the celestial 
average of the powers determined by the prisms and micrometer in conjunc- 
tion. Now if this determination of the power be correct, its multiplication by 
the tabular value of the micrometer, 43".5, as formerly determined by measures 
of the sun, ought to give the constant product 2040", or nearly so : and ac- 
cordingly the product, 47.03 X 43".5 = 2045*8, differs less than six seconds, 
in this large quantity, from an average taken from several telescopes, to which 
the same micrometer had been successively applied. And hence arises another 
method, which may be called the comparative method, of determining either 
the power of a telescope, or the value of a revolution of its micrometer, when 
the other is known ; provided the constant product, ascertained by the same 
micrometer, applied previously to another telescope, be also known, which, in 
the cases under our consideration, we have seen is 2040". For, if we divide 
this constant quantity by the known power, the quotient will be the value of 
a revolution of the micrometer's screw ; and, on the contrary, if we divide the 
same constant product by the value of the micrometer's revolution, the quo- 
tient will be the power of the telescope, so long as the same eye-piece is used. 

Thus we have several methods of obtaining the magnifying power of a te- 
lescope, which will apply to either the refracting or reflecting constructions ; 
and also of determining micrometrical measures, as they are connected with 
the power ; both when the prism of double refraction is used as a micrometer, 
or dynameter ; and also when the spider's line micrometer and double-image 
dynameter with the divided eye-lens, are used. And the deductions, derived 
from different and independent sources, that corroborate one another, will be 
considered as a decisive proof, that there is no error in any of the principles, 
on which the instruments are respectively constructed. When I come to show 
the practical mode of applying an union of variable power with the constant 
angle of an achromatic prismatic solid, by means of a micrometrical eye-piece 
constructed for this purpose (which I propose to make the subject of a subse- 
quent communication), I trust that its adoption in certain delicate measure- 
ments, in practical astronomy, may prove advantageous. 



M 




V. On the construction and use of a Micrometrical Eye-piece of a Telescope. 
By the Rev. W.Pearson, LL.D. F.fi.S. and Treasurer of this Society. 



Read April 14, 1820. 



AT the conclusion of my paper on the doubly-refracting power of rock cry- 
stal considered as the basis of a new micrometer, I proposed to offer another 
communication explanatory of the application of this principle to some of the 
most delicate measurements in practical astronomy. But before I proceed to 
describe the micrometrical eye-piece, that has lately been constructed for the 
purpose of rendering the constant angle of a prismatic solid, giving double 
images, of practical utility, it may be proper to advert to the rationale of the 
contrivance. When two lines are required to measure, or to be made equal 
to, one another, the equality must be effected by either lengthening the one 
or shortening the other ; and, generally speaking, in the ordinary intercourse 
of social life, the scale of measurement adapts itself to the object to be mea- 
sured, and is therefore divided and subdivided into many parts. But when the 
object is capable of enlargement to any extent within certain limits, it may be 
made to adapt itself to a constant undivided scale, so as to be exactly measured 
thereby ; provided the total length of the scale fell within those limits. This 
mode of measuring may not at first be obvious, because not practicable, while 
the object to be measured retains its natural dimensions. If, however, any 
small object has its dimensions apparently enlarged by a microscope or tele- 
scope, until its length is commensurate with a given constant scale ; or (which 
is the same thing) until it becomes the subtense of a constant visual angle, 
the measure of the enlarged object, or image thereof, thus obtained, will ex- 
ceed the natural size of the said object, as much as the magnifying power of 
the instrument exceeds the power of natural vision. If therefore the measure 
of the enlarged object be diminished, as much as is equal to the known power 
of magnifying, the resulting measure will be that of the object's natural di- 
mensions. The following simple experiment will practically illustrate this 
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mode of measurement. Take a slip of writing-paper, about one inch long by 
half an inch wide, and stick it, when a little moistened, on some pane of a 
window that faces the sky ; and, receding across the room, place a prismatic 
solid, that gives double images, of a constant angle of from 2(Y to 3(X, or more, 
close before one eye, while the other is closed, and two oblong patches will 
appear, either side by side, or in some other relative position. Turn the prism 
round its centre, with its face parallel to the window, till the two patches are 
situated lengthwise exactly on the same vertical line ; and holding the prism 
in this position approach the window very slowly, when the following appear- 
ances will take place, in consequence of the change of the visual angle, sub- 
tended by the patch, with a change of distance. In the first place, by a gra- 
dual approach of the eye the patches will come into contact ; then they will 
form a black line by overlapping. This line will grow broader by degrees, 
until the patch is equally divided between the two halves, or squares, one of 
which will be much darker than the other. A further approach towards the 
window will enlarge the black portion, and diminish the pale one, until the 
prismatic body comes into contact with the patch, when the second image will 
entirely vanish. In this experiment the distance between the centres of the 
two images of the patch, depends on the size of the visual angle, and this again 
on the distance of the eye from the patch, which itself remains unaltered, 
though apparently enlarged by a diminution of distanced 

The analogy between the effects thus produced in one experiment, and the 
effects produced on the visual angle by a telescope, without reference to the 
object's change of distance, may be explained visibly, in a striking manner, 
by another experiment made by means of the telescope itself. Direct a tele- 
scope, of 30 inches focal length, for instance, to a distant post, or trunk of a 
tree, and adjust for distinct vision ; then remove the eye-piece, and recede 30 
inches from the place of the image in the telescope, and hold the face so, that 
one eye, directed through the telescope, may view the image of the post, or 
trunk, while the other sees the object itself : then a juxta-position or super- 
position of the image, as it regards the object, seen with the other eye, will 
show that the telescope has no magnifying power, when the eye is situated at 
the same distance from the image, that the image is from the object-glass. Let 
the eye now approach the telescope gradually, and the image will appear to be 
as gradually enlarged, when compared with the object, which it represents, by 
reason of the corresponding enlargement of the visual angle. There is, how r 
ever, a limit to the distance, at which the human eye unassisted can view the 

m 2 
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image distinctly. As the rays proceeding from the image become more and 
more divergent, by the proximity of the eye, but few of them enter the pupil, 
and these few do not come to a focus on the retina, from want of sufficient re- 
fractive power in the substance of the eye, to shorten the focus of diverging 
rays • the consequence is, that at a certain distance from the eye the image 
becomes misty and disappears. Take now a temr of one foot focus, and inter- 
pose it at the distance of its own focus from the place of the image ; and the 
rays which emerge from it, will become parallel, and the eye will become 
again capable of viewing the image at a shortened distance. Here the mag- 
nifying power, or ratio of the image to its object, is g : namely, the length 
of the focus of the object-glass divided by the distance at which the image is 
distinctly visible. Take away the lens of one foot focus, and substitute an- 
other of six inches, at the distance of its own focal length from the image, and 
the visual angle under which this image will now be distinctly visible, with 
parallel rays entering the eye, will be increased in the ratio of 30 : 6, or 
2? 5 w ;u be the magnifying power. In our former experiment the approach 
was to the object itself ; in this, it is to the image of the object, as formed in 
the telescope ; but the principle is the same : the visual angle varies with the 
distance of the eye from the object, or image respectively, and the measure 
of the subtense of this varying visual angle is effected in the same manner in 
both cases. Again substitute a lens of just one inch focus, or an equivalent 
compound eye-piece, and the visible image will apparently exceed its object in 
the ratio of 30 : K Let now a prismatic solid, that exactly measures any 
distant object, considered as the subtense of its natural constant angle, be ap- 
plied before and close to this lens of one inch, or its equivalent eye-piece, and 
this same constant angle will measure, or be subtended by, just one-thirtieth 
part of the image of the said object. And in all other cases, the quantity of 
the measure will vary with the visual angle, but inversely : or, in other words 
(as has been before asserted), "the constant angle divided by the power of 
the telescope will universally give the exact measure." 

Prom this consideration of the effect produced by a telescope, it may be 
clearly understood, that the office of an object-glass, or great speculum, is 
merely to form a good image of any distant object ; which image will be 
greater or smaller, in proportion to the focal distance of that object-glass, or 
speculum : and that the office of the eyepiece is, to allow the eye to approach 
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that image, without altering the parallelism of the rays proceeding from it, 
after emergence from the eye-lens. And the nearer that approach is effected,' 
the larger is the visual angle, under which the image is seen ; or, in common 
language, the greater is the magnifying power of the telescope. 

I come now to consider the theory, and to describe the construction, of a 
celestial eye-piece, that affords the ready means* of varying the power of any 
telescope at pleasure, and that consequently is peculiarly adapted, to render 
the mode of measuring small angles, whicb has been described, subservient to 
use. If we take two plano-convex lenses of any diameters, but of unequal 
radii, and place them at agiven distance d from each other, then, by the princi- 
ples of optics, the focal distance of the two lenses so separated, when measured 
from the lens next to the focal point, will be expressed by j^p~j, f and / 
being the respective focal lengths of the two lenses. Whence it will be mani- 
fest, that the focal length of a lens, of the same diameter as the lens receiving 
the incident rays, and having the same visual angle as the two lenses so com- 
pounded, must be expressed by ^r d =<p ; that is, the product of the focat 
distances of the two lenses, divided by their sum, minus the distance between 
them, will give <p, the focal distance of the single lens required. If now »• 
be put = the solar focal distance of the object-glass of any telescope, \ wilt 
express the magnifying power, p, of that telescope ; therefore l^±t^ >L. p; 
varies as f+/— d : which shows, that the increase or decrease of magnifying 
power depends upon the decrease or increase of the distance interposed be- 
tween two lenses, that form a celestial eye-piece consisting of two such lenses ; 
and that consequently a variation of distance will always be accompanied by 
a corresponding variation of power in the telescope, to which an eye-piece, 
giving variable distances, is applied. In the- practical application of the theo- 
rem in question, the variable quantity d has a limit, with respect to distinct- 
ness of vision of an eye-piece to be thus composed, for, when it becomes 
equal to T+f } the eye-piece will become an inverting opera-glass, or small 
celestial telescope, provided that the inner lens, as is usual, have the longer 
focal distance of the two. On considering what would be a desirable pro- 
portion of f that should double the power of a four feet telescope, with 
a scale of distances not too long, I found that the proportion' of two to one 
would produce this effect, provided the lenses,, of two inches, and one inch fa- 
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cal length respectively, were removed an inch and half from each other. Ac- 
cordingly while in Paris I gave Mohs. Soleil directions to construct an eye- 
piece of these dimensions, in which the inner lens, of two inches focus, was 
to have a motion given to it, by a screw lying parallel to the length of the 
tube ; by which it might be made to approach, or recede from, the eye-lens of 
one inch focus at pleasure ; while a vernier indicated the distance. The eye- 
piece thus constructed fully answered my expectations. In the mean time I 
calculated the equivalent single lenses and corresponding powers for each 
tenth of an inch, to satisfy myself that the differences of the powers would 
always numerically correspond with the differences of distance, according 
to the theory ; and these calculations proved so satisfactory, that I shall subjoin 
them in the form of a little table. 



Table of variable Powers with a 


Telescope of 




4 feet. 




Distances. 


Equivalent 
Lenses. 


Powers. 


Differences. 


.0 


.66 


72.0 


2.4 


i 


.69 


69.6 


2.4 


.2 


.714 


67.2 


2.4 


.3 


.74 


64.8 


2.4 


.4 


.77 


62.4 


2.4 


.5 


.80 


60.0 


2.4 


.6 


.83 


57.6 


2.4 


.7 


.87 


55.2 


2.4 


.8 


.909 


52.8 


2.4 


.9 


.954 


50.4 


2.4 


1.0 


1.00 


48.0 


2.4 


1.1 




1.05 


45.6 


2.4 


1.2 




111 


43.2 


' 2.4 


1.3 


1.177 


40.8 


1.4 




2.4 


1.25 


38.4 


1.5 


1.33 


2.4 


36.0 
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The titles of the four columns in this Table explain their respective con- 
tents ; from an inspection of which it will appear, that when the two lenses 
are removed one inch and a half from contact, the power will be diminished 
from 72 to 36, which numbers are respectively the maximum and minimum 
quantities of the scale. As the powers of all telescopes vary with the focal 
distances of their object-glasses, or specula, when the same eye-piece is used, 
it is easy to perceive, that a table of powers for any other telescope may be 
derived, by direct analogy, from the numbers contained in this table ; and 
also that the tenths in this table may readily be extended to hundredths of 
an inch distance, by the constant addition of .24, in ascending from the lower 
extremity of the third column, or column of powers. It is also obvious, that 
the difference between the greatest and smallest powers, divided by the num- 
ber of intervals, will give the common difference at once, without reference 
to the intermediate equivalent single lenses. 

Having now determined a succession of powers from 72 down to 36 by an 
eye-lens of one inch focus, I calculated what must be the focus of a second 
eye-lens, that will give a minimum power of 72 with the same inner or field 
lens • and found that, at a distance of one inch and a half, it must be exactly 
a quarter of an inch : and also that the maximum power with such an eye-lens 
will be 216, or triple the minimum power of 72. Hence 216 — 72= 144 will 

144 

give the aggregate of the common differences, and j^=-96 will be the quan- 
tity to be continually added to 72, to give a complete table of 150 distances, 
°f rfar of an inch each, without further trouble. Prom this explanation and 
exemplification of the theory of a compound eye-piece, having a variable 
distance between its two lenses, it is evident, that, when the extreme powers 
are once determined by a dynameter, carefully applied to any telescope, 
having such eye-piece, they will be sufficient data for constructing an appro- 
priate table ; even though the lenses should not come at all into contact, at 
the place where the determined power is a maximum. If therefore a diaphragm 
is considered necessary, to cut off the straggling rays, and to limit the field 
of view with the higher powers, the scale will no otherwise be affected there- 
by, than as it will be shortened by the distance reaching from the eye-lens to 
the diaphragm so introduced. When a diaphragm is used, the construction 
of the eye-piece will be that of Huygens or Campani, according to the distance 
between the two lenses; but when the diaphragm is removed, and the distance 
w reduced within the focus of the eye-lens, it becomes the construction of 
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Ramsdsn's eye-piece, which it usually applied to astronomical instruments, 
that give right ascensions and declinations, a* well as to micrometers in ge- 

ne ?he next consideration was to ascertain how far the practical application of 
an eye-piece, constructed on this plan, would accord with the theory. But 
before this desirable object could be properly effected, it was requisite to deter- 
mine the respective focal lengths of all the lenses to be used, with great precision. 
This was done by the following, and, as far as I know, new method, which 
takes no cognizance of the thickness of the lenses, but which notwithstanding 
is capable of the utmost accuracy. It has already been said that when s is 
the solar focus of an object-glass, and $ that of a single eye-lens, J will give 
P , or the magnifying power invariably ; and this will be true, whether the lens 
be a double convex, or plano-convex. But the solar focus of an object-glass 
is easily determinable from the scale of a micrometer used with it, as well as 
the power from a dynameter, and we have therefore by transposition \ =0. 
Vox this purpose a telescope of 45.75 inches focal length was chosen, and a 
disc of exactly one inch diameter was stuck on the face of its object-glass; 
then a single lens, ordered to be made of one inch focus, was used at the eye- 
end, and when the telescope was adjusted for distinct vision to the sun, the 
image of this disc was measured by a good dynameter, at the place of the 
*ye, and found to be .0258 with parallel rays. Whence : ^ = 38.76 was 
the power thus determined; and =1.180=?) the required solar focus 
of the lens. Again a second lens, supposed to have its solar focus at two 
inches, was applied to the same telescope, under the same circumstances, 
and the image of the disc was now found by measurement= 0486 ; hence 
^= 20.6 gave the power, and ^ = 2.22 = <p was determined to be the 
true focus. These two lenses were both plano-convex, and had their convex 
faces turned towards the incident rays, when their foci were determined : they 
were then formed into a compound eye-piece, capable of adjustment for di- 
stance, or space between them, as will be hereafter described more particu- 
larly; and when they were in contact, or at zero of the scale, the image of the 
disc was .0172 or .0173, and the maximum power consequently = 57.97. 
Now, to ascertain how for this determination accords with the theorem, when 
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2.22 X 1.18 



tlie thickness of the eve-lens is taken at .08 of an inch, we have - 

J ' 2.22 + 1.18 — .08 

0.789 = <p, the focus of a single lens equivalent to the compound eye-piece : 

and ^ = 57.98 for the power, which is almost the same as before determined. 

The two lenses were then removed to the distance of an inch and half from 
each other, in which situation, when distinct vision of the Sun was obtained 

again, the image of the paper disc measured .0308; therefore — — =32.37 

.0308 

was the minimum power. Also, by our theorem, the focal length of the equivalent 

2 22 X 1 18 

single lens, <p, in this position, will be i^i+Ia s- i~ 5- 1)8 = 1,439 ; aud tbe 

corresponding power = 31.8. 

This coincidence of theory and practice at both ends of the scale, is a result 
highly satisfactory, and arises partly out of the accurate determination of the 
foci of the lenses, partly from the goodness of the dynameter, and partly, 
probably, out of the mean refractive quality of the glass of which the lenses 
are composed. Taking now the two extreme powers of this eye-piece at 58 
and 32.38, very nearly as determined practically, we shall have 25.62 (their 
difference) for the aggregate of the common differences throughout the whole 

scale of 1.5 inches ; and ^p= 1.708 will be the common difference for each 

tenth of an inch, or .1708 for each hundredth of the inch through the scale 
of distances, from 0 to 1.5. If therefore we increase the smallest power 32.38 
by the constant addition of .1708, 150 times, we shall arrive at 58, the maxi- 
mum power at the zero of the scale. But as the powers above determined 
are too lovy for many purposes, particularly in astronomy, the eye-lens of 1.18 
focus was screwed out, and two others of \ and \ of an inch focus respectively, 
were adapted to cells that would screw into the same opening, as successive 
eye-lenses, to carry the scale of powers as high as could be wanted for any use- 
ful purpose. On trial with the telescope of 45.75 inches and the dynameter, 
as before, the foci of these two additional lenses turned out to be .444 and .188; 
the former giving, by the dynameter, a scale of powers extending from 50 
to 117.1, and the latter from 88.9 to 251.6. But before these results were 
tabulated, it was deemed advisable to ma^e other determinations of the focal 
distances of all the four lenses, not only with different discs of the same te- 
lescope, but with another telescope of 77.25 inches focal length also: and a 
comparison of the two determinations by different telescopes, as exhibited in 

N 
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the subjoined small table, will prove with what remarkable accuracy the focal 
distances of small lenses may be determined by the simple method above de- 
scribed and exemplified. 





Teles. 77.25. 


Teles. 45.75. 


Focus of inner lens . 


2.215 


2.220 


Do. of No. 1 eye-lens 


1.188 


1.180 


Do. of No. 2 Do. 


0.446 


0.444 


Do. of No. 3 Do. . . 


0.181 


0.180 



With respect to the construction of an eye-piece that will admit of being 
conveniently used in making observations, by means of the variable pow- 
ers, a little experience has shown, that the screw, or rackwork, may be 
dispensed with, and that two tubes sliding over one another in such way, as 
to allow the two lenses to come into contact, will afford a very convenient 
scale. For when the lenses are respectively fixed at the outer ends of their 
tubes, the open end of the larger tube will become the index to the divisions 
marked on the exterior face of the inner one ; and when those divisions are 
fiftieths of an inch, their halves may be read as hundredths, and numbered 
accordingly. An eye-piece of this construction was made by Mr. Thomas 
Jones of Charing-Cross, and is represented by figures 2, 3, and 4 of plate I. ; 
fig. 2 giving the external appearance of the eye-piece, fig. 3 being the sec- 
tion of the same, and fig. 4 a section of the eye-cap containing the prismatic 
solid. In figs. 2 and 3, a d is the outer or sliding tube, and c b the inner 
one, that is attached to the drawer of the telescope by the screw at c. The 
two lenses are seen in fig. 3 at a and d respectively ; and when the cap d, in 
fig. 4, is screwed on at d, in figs. 2 and 3, the prismatic solid comes nearly 
into contact with the outer lens, which may at any time be displaced, or 
changed for another, by removing the cap from its place. An advantage, 
attending this adaptation of two tubes, is, that, while the inner one is screwed 
feist to the tube bearing the rackwork for distinct vision, the outer one is at 
liberty, not only to slide backwards and forwards, as the quantity of the 
measure may require ; but will turn round also freely, in making the requisite 
adjustment for the line of position of any two stars, or in making one of the 
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images of any measurable disc revolve round the other ad libitum, to ascertain 
if there be any sensible difference in their diameters, at right angles to each 
other. 

It will be convenient to have a succession of about half a dozen prismatic 
solids, giving double images, with different constant angles, such as were 
described m my last memoir, each having its separate cell screwing into the 
cap that covers the eye-piece, in order to obtain various measures, as the 
observations may require: but the final adjustment of the measure, taken 
with any particular prism, will depend on the place, on the scale, to which the 
index points, for giving the distance between the two lenses. In measuring 
the diameter of a small body of sensible dimensions, the sliding tube a con-' 
taming the prism, must be steadily and gradually moved by the finger and 
thumb, backwards or forwards, until, after adjustment for good vision, the two 
images of the object come exactly into contact, edge to edge : in this situation 
the distance indicated, will be the argument for entering the table of powers ; 
and the power, there seen by inspection, will be the proper argument for 
entering the table of measures, which will give at sight the apparent diame- 
ter, m seconds and parts of a second, without further correction. Should the 
power consist of a fractional part besides the integer, a corresponding frac- 
tional part of a second must of course be taken into the account where extreme 
accuracy is wanted. 

When the angular distance between two stars, satellites, or other luminous 
points is required to be measured, there will be two pairs of images formed, 
and these may fell in any direction with respect to each other : but turning 
the moveable tube a with the prism round, more or less, will bring the four 
luminous images into one straight line ; in which position, if the second and 
third images coincide exactly, the measure will at once be correct; but if not, 
the distance between the lenses must be varied, until this coincidence takes 
place. Should the prism used be found to have too great or too small an 
angle, at any of the distances marked on the scale, it must be changed for 
another having a more suitable angle, and must be adjusted as before directed, 
n all cases where one of two contiguous stars is much smaller, in appearance, 
than the other, and is yet visible through the prism, the small one will be 
°st by super-position on the larger, and must therefore be made to pass over 
its centre by a slow motion given by rotation of the tube, when an estimate 
may be made of the exactness of the central transit: or otherwise, the four 
visible images may be formed into an exact square, when it will appear, 
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whether or not the bounding sides of the figure are equal to each other; and 
if they are, the proper distance will be indicated in that position. The only 
objection that is likely to apply to this mode of measuring small angles, is that 
which will arise sometimes out of a want of light; particularly when one of the 
stars is too small to be visible with one half of the light of the telescope ; -and 
on this account, a telescope of large aperture will always be preferred; and 
as small a power must be used, as is just sufficient to produce a good separa- 
tion of the double stars to be measured, or to give a measurable disc of the 
body, that is to have its diameter ascertained, whenever there would other- 
wise be a deficiency of light. But generally speaking, the light coming from- 
the heavenly bodies will admit of powers sufficiently high ; and a diminution 
of light, in stars, of the first and second magnitudes, will be foimd advan- 
tageous, as well as pleasant to the observer. Indeed the ease and accuracy 
with which the measure can be effected will, it is presumed, prove a high 
recommendation to the general adoption of this eye-piece, in all celestial' 
observations, to which it is applicable. It is hardly necessary to add, that in 
high altitudes, this eye-piece may have a diagonal reflector, or prism of glass, 
applied at either end of it, without otherwise interfering with the observa- 
tion, than by diminishing the light a little ; provided that the reflecting plane 
is ground and polished in a perfect manner, so as not to distort the images. 
It will be convenient to have the book, in which the observations are to* 
be registered, ruled into nine columns, seven of which must be filled up at the 
time of observing; but the two columns of powers and of measures, may be 
filled up from the tables calculated for this purpose, such as those which con- 
clude this memoir, at any subsequent period, when most convenient. I beg- 
leave to subjoin here a collection of observations actually made during the 
current year, with the identical eye-piece, which I have here described; and, 
to avoid the detail of a number of particular adjustments, I have put them 
into the form of a table, which will at once specify the proposed form of a 
convenient register, and exemplify the use of the micrometrical eye-piece, im 
its application to various celestial measurements. 
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Observations made with a doubly -refracting Eye-piece. 



r 

Date. 


Object. 


Teles 


Eye- 
lens. 


Dist. 


Prism 


Power 


. Meas 


Remarks. 


1820. 


















Jan. 1( 


3 Venus 


77.25 


3 


0.42 


4 


85.3 


a 

10.6 


Near the horizon. 




- Jupiter 


Do. 


3 


1.64 


6 


50.5 


29.4 


\ Above Venus, but too low. 




- Do. 


Do. 


3 


1.56 


7 


52.7 


28.3 


\ Average = 29". 5 taken both 




Do. 


Do. 


3 


0.72 


8 


76.7 


30.7 


) horizontally and vertically. 




Saturn 


Do. 


3 


0 575 


5 


80.85 


16.2 


in the direction -oc- . 




Do. 


Do. 


3 


0.35 


5 


87.3 


15.0 


in the direction =8= . 


— 


R&of Do. 


Do. 


3 


1.15 


8 


64.4 


36.5 


thus seen -o-o- . 


— 


Mars 


Do. 


3 


0.30 


5 


88.7 


14.8 


on a mean of 3 trials. Mars in oppos. 
as bpfnro 


22 


Do. 


45.75 


2 


0.64 


5 


88.5 


14.8 




Do. 


Newt. 


3 


0.18 


5 


85.2 


15.37 


I average 15".26 with reflect. 


— 


Do. 


Do. 


2 


0.40 


8 


155.0 


15.15 


J ing telescope. 


Mar. 5 


Dp. 


45.75 


2 


0.59 


4 


90.8 


9.96 




— 


Do. 


Do. 


1 


1.14 


5 


127.9 


10.2 


^•average now 10". 08. 


16 


Tin 


UO. 


2 


.40 


4 


99.2 


9.13 






Do. 


Do. 


1 


1.00 


K 
O 


1/19 1 


9.15 


^average now 9". 14. 




Castor 


Do. 


2 


0.40 


2 


99.2 


3.33 


between the centres of the two. 


20 


Do. 


Do. 


2 


0.40 


2 


99.2 


3.33 


well defined. 




Mars 


Do. 


2 


0.40 


4 


99.2 


9.13 


f Eye- lens touching the diaph., and 




Castor 


Do. 


1 


1.40 


2 


99.7 


3.31 r 


t <» not quite in perfect contact, 
learly as with lefts 2, before. 


31 


Mars 


Do. 


2 


1.20 


3 


63.4 


9.24 ] 


jong. diam.1 - 

D 1 fine evening and 

Jhort.diam. J S ood observation. 




Do. 


Do. 


2- 


.98 


3 


73.2 


8.05 S 




Do. 


Newt. 


2 


1.22 


4 


97.6 


9.28 J 


jong. diam. ") 










1.00 




U3.0 




> good observation. 








2 


4 ] 


8.02 S 


hort.diam. J 



The observations recorded in this register were not made with a view to 
publication, Venus and Jupiter being in unfavourable altitudes at the time: 
but those which follow, may be considered as carefully taken under more 
favourable circumstances, and are probably pretty correct. A little examina- 
tion of the resulting measures will develope several interesting circumstances, 
and authorize the most sanguine expectations of important deductions that may 
arise out of a careful employment of the simple apparatus that forms the suhr- 
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ject of this communication. For instance, we see that Saturn's diameter, 
taken in the direction of the edge of his ring, then beautifully seen as a 
straight line, was 16". 2 on the 16th of last January (1820), while that in the 
transverse direction was only 15". This difference has been confirmed by 
subsequent, as well as preceding measures, taken with other telescopes, both 
refracting and reflecting ; and tjie result proves that the two contrary diame- 
ters of this planet are exactly as 27 : 25 with respect to each other. At the 
same time the length of the line representing Saturn's ring measured 36". 5 ; 
or 20".5 more than the diameter of the body of the planet : thus leaving a pro- 
jecting ansa, at each side, of 10".25, when seen at the distance of the earth 
from Saturn on the evening of the observation. With respect to Mars, it is 
remarkable, that, in his opposition on the 16th of January last, and for six 
days after, his apparent diameter was about 9" less than it was on the 25th of 
October 1815, when he was eight days after opposition, and when by a good 
micrometer by Troughton, I measured his diameter (on an average of several 
repetitions) at 23".987. This difference shows, in a striking manner, that 
the orbits of either Mars or the Earth, or both, must be eccentric ; since 
there is a considerable variation of distance between these bodies, at the 
times of different oppositions. Prom the 22d of January down to the 20th of 
March the diameter of Mars has been gradually diminishing from 15" to 9".l, 
notwithstanding the apparent geocentric motion of the planet has been suc- 
cessively retrograde, stationary, and progressive, during this interval. 

The angular distance between the centres of the two stars composing Cas- 
tor, to which the telescope was accidentally pointed on the 15th of March, is 
given in the catalogues at 5" ; but the measures, which have been obtained 
with two different powers, and as many different prisms, under favourable cir- 
cumstances, on two different evenings, concur in giving this angular distance 
only 3"-f : and, what will appear remarkable, this appears to be also the exact 
measure of the real (or spurious) diameter of Pollux ; which star on our best 
globes is given of the second magnitude, while his brother Castor is given of 
the first. How far an eye-piece of this construction may be advantageously 
used as a measuring standard of the magnitudes of stars in general ; or to 
determine the question of annual parallax of any star, must be seen from 
future practice. Lastly, on the 31st of March, on measuring the diameter 
of Mars with both a refracting and reflecting telescope, there appeared 
an evident difference between the horizontal and vertical diameters of this 
planet, on account of his increased distance from opposition, and on ascer- 
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taining this difference (on an average of all the measures, which agree iu a 
wonderful manner) it turns out, tha^ the darkened portion of the planet is 
1".185; and it may hence be inferred, as the distance of this body from the 
Earth continues to increase, that the diameters ascertained on the 16th and 
20th of March were measures of the diminished diameter, since they were 
smaller than the longer diameter was found on the 31st, as registered at the 
conclusion of the table of observations. 

In the following table of powers, column I, headed Distance, must be en- 
tered with the numbers indicated, on the face of the inner tube, by the 
extreme end of the outer one, considered as an index ; and then on the same 
horizontal line, under the column No. 1, No. 2, or No. 3 of the lenses (as the 
case may be), the numbers will be found, that express the power of the tele- 
scope. For instance, when the distance is 0.60 or .60, the power with No. 1 
will be 186.5, with No. 2, 90.3, and with No. 3, 47.8. The powers how- 
ever will be a little different with different eyes ; and therefore every observer 
should construct his own tables. 

In the table of measures, the power determined in the last-mentioned table 
must be found in the first vertical column (or column of powers), and in the 
same horizontal line, under the proper number of the prism used, as seen in 
the uppermost horizontal line, will be found the corresponding measure re- 
quired. For example, If the prism numbered 5 has been used, at such a 
distance between any two of the eye lenses, as indicate a power in the first 
table of 100, the measure taken under such circumstances will be found here 
13".I0 ; which simple mode of obtaining the results has been fully exemplified 
m the register of observations, already examined. 
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Table of Powers. 

Telescope 45.75 Inches. 





Lens 


Lens 


Lens 




Lens 


Lens 


Lens 




Lens 


Lens 


Lens 


Diet 


0 . 1 . 


i\ 0. z. 


Mm 9 
i\0. 3. 


.L/151. 


ll O . 1 . 


1> o . Z . 




JL/ISl. 


IN 0 . 1 . 


So. 2. 


AT „ q 

IN 0. 3. 


.00 


Z 0 1 . 0 


1 1 "7 1 

1 1 / . 1 


ftc n 


9n 

.3U 


Old 1 


i nrj 7 
1 U3.7 


f;o n 

oz.y 


An 
.ou 


1 QA ft 

1 oO.O 


90.3 


47.8 


.01 


o ftn ft 


1 1 « 7 

110./ 


f,7 Q 
0 / .O 


91 

.31 


o i c n 
xlo.U 


1 n9 9 
1 U3.3 


ftO 7 

0z. / 


• Ol 


1 Q ft ft 
1 OO. 0 


on n 
oy.'J 


At A 

47.0 


fl9 
,\JZ 


o in ,i 


1 I 0. z 


ft7 7 
01 .i 


90 


o i n. o 
xl o.y 


102.8 


ftO ft 
OZ. 0 


AO 

.02 


lo4.4 


89.4 


47.4 


• Uj 


O <Q 1 

1 4o.4 


I 10.O 


ft7 ft 
0 1 .O 


99 
• OJ 


O 1 ft Q 


102.4 


KO /I 

0z.4 


A9 
.03 


1 Q9 9 

lo3.3 


88.9 


47.2 




Z 1 */ .3 


1 1 fi 9 
1 lO.O 


ft7 9 


.34 


0 1 1 7 

x 1 4. / 


i ni o 
1U1 .y 




R 1 
.04 


1 CO o 

1 oz.z 


88.5 


47. 1 • 


.05 


o i r. o 


i i 1 n 


C7 1 
0/. 1 


.35 


O 1 9 A 


101.5 


52.0 


A ft 
.00 


181.1 


88.0 


46.9 


• V/U 


Z iO. 1 


Mil 


ft7 n 


.30 


O 1 O A 
Zl Z.O 


i n i n 
1U1 .U 


f; i n 
o i . y 


AA 
. OO 


180.0 


87.6 


46.7 


.07 


oft 1 


111 n 
l 1 • I . u 


OU.o 


97 
.3/ 


91 1 R 
Zl 1 .0 


i nn a 
1 uu. o 


*; i 7 


A7 
.0/ 


i 7c n 
i / b.y 


87.1 


4A A 

40.0 


.08 




U Q i 
1 1 J . J 


ftA a 

OO 0 


.3o 


Din i 
xlU.4 


i nn i 

LUU. 1 


R i ft 
0 1 . o 


AC 

.Do 


i 77 n 
177.17 


86.7 


46.4 


.09 


9 41 0 
Zl I . J 


119 1 


ftA 5 
0 o . J 


on 
.31/ 


onn q 
.:uy .3 


no 7 
yy . / 


ft i 4 

0 1 .4 


AO 

.oy 


1 7fi O 

1 / O.o 


86.2 


Ana 
40. Z 


.10 


9 JO « 


1 1 9 A 
1 1 ZA> 


00.3 




one o 

ZUo. z 


on o 
yy . z 


ft 1 o 
O l • Z 


7n 
• /u 


1 7 ft T 

1 f 0.7 


85.8 


/iA n 
40. U 


. 1 1 


990 7 
•Co J. / 


1 lo O 
II-.- 


ftA i 

OO. 1 


1 1 

.41 


OA7 1 

-iU/ . 1 


OG C 


fti n 
0 1 .u 


7 1 

. / 1 


1 74.6 


85.3 


45.9 


.12 


0 9>2 A 


111.8 


oo.u 


/IO 


onfi i 


OQ 9 

yo.3 


ftn q 

OU.o 


. / z 


173.5 


84.9 


A ft 7 

40.7 


.13 


O 97 S 


ill l 


55.8 


A 9 

.43 


OAK n 

zuo.u 


07 n 
y / . y 


ftn 7 
0U.7 


79 


172.4 


84.4 


45.5 


.14 


9° A. 4 


1 1U.J 


r, e 

jj.O 


.44 


on 8 o 


n7 i 
y / . 4 


ftn ft 
0U. 0 


./4 


171.3 


84.0 


45.4 


. 15 


99ft 9 


1 10 5 


03.4 


I ft 
.40 


202.8 


97.0 


50.3 


7 ft 

.70 


1 70.3 


83.5 


45.2 


,16 


O 9 1 


iinn 


00.3 


.46 


201 .7 


96. 5 


50. 1 


.76 


1 69.2 


83.1 


45.0 


.17 


OQI O 


i no a 
1 uy . o 


OO. 1 


IT 

.47 


200. 6 


oa i 
'JO. I 


50.0 


.77 


168.1 


82.6 


4 1.9 


.18 


O 90 1 
ZoZ. 1 


i no i 
• uy . l 


54.9 


.48 


199.6 


95.6 


49.8 


.78 


167.0 


82.2 


44.7 


. 1 9 


O'M n 


i nc "7 
l Uo. / 


54.8 


.49 


1 98.5 


95.2 


49.6 


.79 


165.9 


81.7 


44.5 


on 
• zU 


229.9 


10S.2 


54.6 


.50 


197.4 


94.7 


49.5 


.80 


164.8 


81.3 


44.3 


.21 


228.9 


107.8 


54.4 


.51 


196.3 


94.3 


49.3 


.81 


163.7 


80.8 


44.2 


.22 


227.8 


107.3 


54.2 


.52 


195.2 


93.9 


49.1 


.82 


162.7 


80.4 


44.0 


.23 


226.7 


106.9 


54.1 


.53 


194.1 


93.5 


48.9 


.83 


161.6 


79.9 


43.8 


.24 


225.6 


106.4 


53.9 


.54 


193.0 


93.0 


48.8 


.84 


160.5 


79.5 


43.6 


.25 


224.5 


106.0 


53.7 


.55 


191.9 


92.6 


48.6 


.85 


159.4 


79.1 


43.5 


.26 


223.4 


105.5 


53.6 


.56 


190.9 


92.1 


48.4 


.86 


158.3 


78.6 


43.3 


.27 


222.3 


105.1 


53.4 


.57 


189.8 


91.7 


48.3 


.87 


157.3 


78.2 


43.1 


.28 


221.: 8 


104.6 


53.2 


.58 


188.7 


91.2 


48.1 


.88 


156.2 


77.7 


43.0 


.29 


220.2 


104.2 


53.1 


.59 


187.6 


90.8 


47.9 


.89 


155.1 


77.3 


42.8 
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Table of Powers continued. 
Telescope 45.75 Inches. 



Dist. 


Lens 
No. 1. 


Lens 
No. 2. 


Lens 
No. 3. 


Dist. 


Lens 
No.l. 


Lens 
No. 2. 


Lens 
No. 3. 


Dist. 


Lens 
No.l. 


Lens 
No. 2. 


Lens 
No. 3. 


.90 


154.0 


76.8 


42.6 


1.20 


121.4 


63.4 


37.5 


1.50 


88.9 


50.0 


32.4 


.01 


152.9 


76.4 


42.4 


1.21 


120.4 


63.0 


37.3 


1.51 


87.8 


49.6 


32.2 


.92 


151.8 


75.9 


42.3 


1.22 


119.3 


62.6 


37.1 


1.52 


86.7 


49.1 


32.0 


.93 


150.7 


75.5 


42.1 


1.23 


118.2 


62.1 


37.0 


1.53 


85.6 


48.7 


31.9 


.94 


149.6 


75.0 


42.0 


1.24 


117.1 


61.7 


36.8 


1.54 


84.5 


48.2 


31.7 


.95 


148.5 


74.6 


41.8 


1.25 


116.0 


61.2 


36.6 


1.55 


83.5 


47.8 


31.5 


.96 


147.4 


74.1 


41.6 


1.26 


114.9 


60.8 


36.5 


1.56 


82.4 


47.4 


31.3 


.97 


146.3 


73.7 


41.4 


1.27 


113.9 


60.3 


36.3 


1.57 


81.3 


46.9 


31.2 


.98 


145.3 


73.2 


41.3 


1.28 


112.8 


59.9 


36.1 


1.58 


80.2 


46.4 


31.0 


.90 


144.2 


72.8 


41.1 


1.29 


111.7 


59.4 


36.0 


1.59 


79.1 


46.0 


30.9 ; 


1.00 


143.1 


72.3 


40.9 


1.30 


110.6 


58.9 


35.8 


1.60 


78.0 


45.5 


30.7 


1.01 


142.0 


71.9 


40.7 


1.31 


109.5 


58.5 


35.6 


1.61 


76.9 


45.1 


30.5 


1.02 


140.9 


71.5 


40.6 


1.32 


108.4 


58.0 


35.4 


1.62 


75.8 


44.7 


30.4 


1.03 


139.8 


71.1 


40.4 


1.33 


107.4 


57.5 


35.3 


1.63 


74.7 


44.3 


30.2 


1.04 


138.7 


70.6 


40.2 


1.34 


106.3 


57.1 


35.1 


1.64 


73.6 


43.8 


30.0 


1.05 


137.6 


70.2 


40.1 


1.35 


105.2 


56.6 


34.9 


1.65 


72.6 


43.4 


29.9 


1.06 


136.6 


69.7 


39.9 


1.36 


104.1 


56.2 


34.8 


1.66 


71.5 


42.9 


29.7 


1.07 


135.5 


69.3 


39.7 


1.37 


103.0 


55.7 


34.6 


1.67 


70.4 


42.4 


29.5 


1.08 


134.4 


68.8 


39.5 


1.38 


101.9 


55.3 


34.4 


1.68 


69.3 


42.0- 


29.4 


1.09 


133.3 


68.4 


39.4 


1.39 


100.8 


54.8 


34.2 


1.69 


68.2 


41.5 


29.2 


1.10 


132.3 


67.9 


39.2 


1.40 


99.7 


54.4 


34.0 


1.70 


67.2 


41.1 


29.0 


in 


131.2 


67.5 


39.0 


1.41 


98.6 


53.9 


33.9 


1 91 

1.71 


AA 1 

00.1 


An a 
4U.0 


zto.v 


1.12 


130.1 


67.0 


38.8 


1.42 


97.5 


53.5 


33.7 


1.72 


65.0 


40.1 


28.7 


1.13 


129.0 


66.6 


38.7 


1.43 


96.5 


53.0 


33.6 


1.73 


63.9 


39.7 


28.5 


1.14 


127.9 


66.1 


38.5 


1.44 


95.4 


52.6 


33.4 


1.74 


62.8 


39.2 


28.4 


1.15 


126.8 


65,7 


38.3 


1.45 


94.3 


52.2 


33.2 


1.75 


61.7 


38.8 


28.2 


1.16 


125.7 


65.2 


38.2 


1.46 


93.2 


51.8 


33.1 


1.76 


60.7 


38.3 


28.0 


1.17 


124.7 


64.8 


38.0 


1.47 


92.1 


51.3 


32.9 


1.77 


59.6 


37.9 


27.0 


1.18 


123.6 


64.3 


37.8 


1.48 


91.0 


50.9 


32.7 


1.78 


58.5 


37.5 


27.7 


1.19 


122.5 


63.9 


37.7 


1.49 


89.9 


50.5 


32.5 


1.79 
1.80 


57.4 
56.3 


37.0 
36.6 


27.5 
27.3 
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Table of Measures. 



Powers. . 


1 


2 


3 


4 


5 


6&7 


8 


9 


10 


n 

17.80 


// 

33.00 


58.60 


// 

90.60 


u 

1 91 (\C\ 


a 

1 dd (V) 


// 


« 

OftQ An 


11 


16.18 


30.00 


53.27 


82.36 


1 1 o no 


130.91 




o9A on 

*3U.VAJ 


12 


14.83 


27.50 


48.83 


75.50 


i nn i t 
iuy.17 


ion nn 


1 Oft Tft 
lsyO. / O 


Q1 ft 99 


13 


13.70 


25.38 


45.08 


69.69 


1 f\f\ 97 
1UU. II 


l in 77 


1 fifi AO 


l oo 7n 
iyy. i\j 


14 


12.71 


23.57 


41.86 


64.71 


09 ft*7 


A uz.ou 


1A/7 7ft 
10/ . lo 


1 ft ft 4^ 

1S0.40 


15 


11.87 


22.00 


39.07 


60.40 


fiT 99 

87*33 


96.00 


1 ftA fifi 
lOO.UU 


I7n n7 

1 /U.U/ 


16 


11.12 


20.63 


36.62 


56.62 


Ql cc 
oJ .oo 


90.00 


1 Aft ftl 


1 AO 0 5. 


17 


10.47 


19.41 


34.47 


53.30 


77.U0 


ftj. 7fi 


1 9Q 1 Q 

loo. 18 


i fto 7n 


18 


9.90 


18.33 


32.55 


50.33 


TO 

7*. 77 


on no 


i 9f\ en 
13U.0U 


1 OO 

144.** 


10 


. 9.37 


17.37 


30.84 


47.68 


«o rift 

os. yo 


7K on 

/ iJ.OU 


1 09 A 9 

123.03 


1 9A A9 
130.03 


20 


8.90 


16.50 


29.30 


45.30 


Aft en 
00. 5U 


70 nn 


1 1 T /4 ft 

117.45 


ion on 
l*y.8U 


21 


8.47 


15.71 


27.90 


43.14 


62.28 


fift f\T 


111 OA 

11 1.80 


1 09 AO 

1*3.0* 


22 


8.09 


15.00 


26.64 


41. 18 


Cf) ftyl 

oy.04 




1 AA W 

1O0.77 


1 to An 
1 lo. UU 


23 


7.74 


14.35 


25.48 


39.39 


ftA fw? 

oo. yo 


AO A1 


102. 1 3 


1 1 O Q A 

11*. 80 - 


24 


7.42 


13.75 


24.42 


37.75 


ft/t en 
04.59 


nn 
OU.Uv 


97.87 


108.17 


25 


7.12 


13.20 


23.44 


36.24 


ftO Ai\ 

0*.4U 


ft»> /in 
O/ .ou 


93:. 96 


tf\9 OA 

103.84 


20 


ft oft 

O.oO 


to An 
12.09 


22.54 


9A Oft 

34.85 


«n 9n 

ou.3y 


tt an 
OO.OV 


90.34 


99.85 


*7 


a An 
0.0U 


to OO 


21.70 


- 99 fit 

33.55 


AQ ftO 

48.02 


ft9 99 

03.33 


87.00 


nA i ft 

yo. 15 


28 


A 9A 

0.30 


11 TO 

11.78 


20.93 


32.36 


46.78 


ftl >t9 

01.43 


83.89 


92.72 


On 

*y 


A 1 A 

0.14 


11. OO 


20.21 


9 t a a 

31.24 


45.17 


/♦n Aft 

4y.oo 


81.00 


89.51 


30 


ft fl9 

0.V3 


11. UU 


19.53 


30.20 


43.66 


48.00 


78.30 


86.53 


91 


0.74 


10.65 


18.90 


29.23 


42.26 


46*45 


75.77 


83.74 


32 


ft ftA 

O.OO 


1 A 9.1 

1U.31 


18.31 


28.31 


40.94 


45.00 


73.45 


81. 1& 


33 


5.39 


10.00 


17.76 


27.45 


39.70 


43.64 


71.18 


78.67 


34 


5.24 


9.70 


17.24 


26.65 


38.53 


42.35 


69.09 


76.35 


35 


5.09 


9.43 


16.74 


25.90 


37.43 


41.14 


67.11 


74.17 


36 


4.94 


9.17 


16.28 


25.16 


36.38 


40.00 


65.25 


72.11 


37 


481 


8.92 


15.84 


24.48 


35.40 


38.92 


63.48 


70.14 


38 


4.68 


8.69 


15.42 


23.84 


34.48 


37.90 


61.82 


68.32 


39 


4.57 


8.47 


15.02 


23.23 


33.57 


36.91 


60.23 


66.50 


40 


4.45 


8.25 


14.65 


22.65 


32.75 


36.00 


58.73 


64.90 


41 


4.34 


8.05 


14.29 


22.10 


31.95 


35.12 


57.29 


63.32 
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Table of Measures continued. 



Powers. 


1 


2 


3 


4 


5 


6 & 7 


g 


9 




u 


ii 


a 


a 


u 


« 




u 


42 


4.23 


7.86 


13.95 


21.57 


31.14 


34.28 


55.93 


61.81 


43 


4.18 


7.68 


13.63 


21.07 


30.45 


33.49 


54.63 


60.37 


44 


4.04 


7.50 


13.32 


20.59 


29.77 


32.73 


53.39 


59.00 


45 


3.95 


7.33 


13.02 


20.13 


29.12 


32.00 


52.20 


57.69 


46 


3.87 


7.18 


12.74 


19.69 


28.48 


31.30 


51.07 


56.43 


47 


3.79 


7.02 


12.47 


19.28 


27.86 


30.64 


49.98 


55.23 


48 


3.71 


6.87 


12.21 


18.88 


27.29 


30.00 


48.94 


54.08 


49 


3.63 


6.73 


11.96 


18.50 


26.74 


29.38 


47.94 


52.98 


50 


3.56 


6.60 


11.72 


18.12 


26.20 


28.80 


46.93 


51.92 


51 


3.49 


6.47 


11.49 


17.76 


25.69 


28.24 


46.06 


50.91 


52 


3.42 


6.35 


11.27 


17.42 


25.19 


27.69 


45.17 


49.93 


53 


3.36 


6.23 


11.06 


17.10 


24.72 


27.17 


44.32 


48.99 


54 


3.30 


6.11 


10.86 


16.78 


24.26 


26.66 


43.50 


48.08 


55 


3.24 


6.00 


10.67 


16.47 


23.82 


26.19 


42.71 


47.21 


56 


3.18 


5.89 


10.48 


16.18 


23.39 


25.72 


41.95 


46.36 


.57 


3.12 


5.79 


10.29 


15.90 


22.98 


25.26 


41.21 


45.54 


58 


3.07 


5.69 


10.10 


15.62 


22.58 


24.82 


40.50 


44.76 


59 


3.01 


5.59 


9.92 


15.35 


22.16 


24.41 


39.82 


44.01 


60 


2.96 


5.50 


9.76 


15.10 


21.83 


24.00 


39.15 


43,27 


61 


2.91 


5.41 


9.61 


14.86 


21.48 


23.60 


38.53 


42.61 


62 


2.87 


5.32 


9.45 


14.62 


21.13 


23.23 


37.88 


41.87 


63 


2.82 


5.23 


9.30 


14.38 


20.80 


22.86 


37.29 


41.22 


64 


2.78 


5.15 


9.16 


14.15 


20.47 


22.50 


36.73 


40.57 


65 


2.73 


5.07 


9.02 


13.93 


20.16 


22.15 


36.14 


39.94 


66 


2.69 


5.00 


8.88 


13.72 


19.85 


21.82 


35.59 


39.34 


67 


2.65 


4.92 


8.75 


13.52 


19.55 


21.50 


35.07 


38.75 


68 


2.62 


4.85 


8.62 


13.32 


19.26 


21.18 


34.55 


38.18 


69 


2.58 


4.78 


8.49 


13.13 


18.98 


20.87 


34.05 


37.63 


70 


2.54 


4.71 


8.37 


12.94 


18.71 


20.57 


. 33.56 


37.09 


71 


2.50 


4.64 


8.25 


12.76 


18.44 


20.28 


33.09 


36.54 


72 


2.47 


4.58 


8.14 


12.58 


18.19 


20.00 


32.63 


36.02 


73 


2.43 


4.52 


8.03 


12.41 


17.94 


19.73 


32.18 


35.53 
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Table of Measures continued. 



Powers. 


I 


2 


3 


4 


5 


6&7 


8 


9 






« 




// 


a 




u 


M 


74 


2.40 


A Aft 
4.40 


7.92 


lO OA 


1 7 7n 


10 4fi 


41 74 
O l * /4 


44 n7 


75 


2.37 


4.4U 


T Q1 

/•ol 


io no 
xz Uo 


17 47 


i o on 


41 49 


44 fil 


76 


2.34 


A 9/1 

4.34 


7 71 

/ .71 


1 1 oo 

ii. yz 


17 94 
1 / .Z4 


1 ft 04 

lo.yo 


4n oi 


44 ifi 


. 77 

77 




A ao 


7 A1 


1 1 7fi 
11. /O 


17 ni 

J. / .1/1 


ift 7n 
lo./u 


3V/.OX 


44 71 
OO./ 1 


TO 

78 


2.28 


4>z3 


R El 

7.ol 


1 1 /?1 
11.01 


1 fi 70 

io./y 


1ft 44 
15.40 


4n io 

dU. 1* 


44 Oft 
33. Zo 


79 


^.25 


4.10 


7 AO 

7.4* 


11 47 

1 1.17 


1 fi so 


1 ft OO 
1S.Z2 


OO 74 

*y./4 


49 ftfi ' 
OZ.oO 


en 


a o4 


4 14 
4.1* 


7 44 
/ .33 


1 1 94 
1 1.33 


1 fi 4ft 


i ft nn 

lO.w 


90 47 

*y .3/ 


40 Aft 


ol 


z.zU 


4 fl7 


7 Q4 
/ .23 


11 1 o 

1 1. ly 


Ifi 1ft 


17 77 
1/ .// 


90 nn 
zy.uu 


49 n4 


QO 
OA 


Z.17 


A OO 
4.UZ 


7.14 


1 1 t\K 
1 l.UO 


1 4 0Q 


17 4fi 
1 / .00 


OQ #14 
Zo.04 


41 ftf\ 
3I.OO 


o3 


Ct 1 A 

Z. 14 


4 07 

o.y/ 


7 n*i 


lu.yi 


1 4 77 


17 44 
1 / .00 


OQ 9n 
*o«3U 


41 Oft 
31.ZO 


ft.4 
o4 


<9 let 


9 04 
3.V3 


O.yo 


in 70. 
iU./o 


lO.O/ 


17 14 
1/ .14 


07 07 

*/ .y7 


4n 09 


Q4 


o no 
z.uy 


4 Rft 


fi on 
o.yu 


in 4fi 

1U.30 


1 4 4n 


1 fi 04 
10. y4 


07 ftA 

2/ .04 


4n 45 


ftfi 




4 9.4 


£9 

o.sz 


i n ka 


1 5 94 


1 fi 74 
10. /4 


07 90 

2/ .3* 


40 1ft 


q7 

o/ > 


o n>i 
Z.U4 


4 70 

3«/y 


A 7/4 
0./4 


1 n /1 1 
1U.41 


1 nst 

13. UO 


1 ft KK 
10.00 


a7 nn 
2/ .UU 


OO Q4 


Qft 
OO 


9 no 
Z.U2 


4 7*5 
3. / o 


0.00 


i n oo 


14 QO 

i4.oy 


1 ft 9 ft 

10.30 


OA #tO 

*o.oy 


00 4n 
zy.ou 




9 nn 


^ 7n 


A KQ 


in 17 
1U. 17 


1 4 7a 
14.7* 


1 ft 1 Q 

10. lo 


aft 9o 

*o.3y 


40 17 

*y.i/ 


on 


1 OA 


3.66 


fi 41 


in rat 


14 Hft 
14. OO 


1 ft nn 
J O.UU 


o/t in 
20. 1U 


OQ QA 

Zo.o4 


91 


1 04 


3.62 


fi 44 


O Ol 

y.y l 


14 4n 
14.4U 


1 K QO 
10.O* 


OR QO 

Zo.oZ 


OQ K9 
ZO.03 


09 
vz 


1 09 


3.59 


fi 47 

U.3/ 


O Q/t 

y.o4 


14 04 
14.24 


lo. Do 


OK HA 

20.54 


OQ OO 
ZO.ZZ 


04 


1 01 

i.y i 


^ *»4 


fi 9n 
0.3U 


O 7/1 

y.74 


1 /I no 
14. Uo 


15.48 


25,26 


a? ni 
27.91 


04. 


1 CO 

i.oy 


4 41 
3.01 


A O/f 

0.24 


9.64 


1 4 n 9 
13.93 


15.32 


24.99 


27.61 


04 


1 Q7 
l.o/ 


4 /IT 
3.4/ 


ft 1 o 

O.lo 


O £4 

9.54 


1 4 TO 

13.78 


15.16 


24.73 


27.32 


OA 

yo 


1.00 


3. 43 


ft ia 
0.12 


9 44 


13.64 


15.00 


24.47 


27.04 


97 


1.83 


3.39 


6.05 


9.34 


13.50 


14.84 


24.22 


26.76 


98 


1.81 


3.36 


5.98 


9.25 


13.37 


14.69 


23.97 


26.49 


, 99 


1.80 


3.33 


5.92 


9.15 


13.23 


14.54 


23.72 


26.25 


100 


1.78 


3.30 


5.86 


9.06 


13.10 


14.40 


23.47 


25.96 


101 


1.76 


3.26 


5.80 


8.97 


13.07 


14.27 


23.25 


25.70 


102 


1.74 


3.23 


5.75 


8.88 


12.84 


14.12 


23.03 


25.45 


103 


1.73 


3.20 


5.69 


8.79 


12.71 


13.98 


22.80 


25.20 


104 


1.71 


3.17 


5.64 


8.71 


12.59 


13.84 


22.58 


24.96 


105 


1.70 


3.14 


5.58 


8.63 


12.47 


13.71 


22.37 


24.72 
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Table of Measures continued. 
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Table of Measures continued. 
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VI. On the construction of a neio Position-Micrometer, depending on the 
doubly-refractive power of Rock Crystal, By the Rev. JV. Pearson, 
LL.D. $ F.R.S., Treasurer of this Society. 



feiNCE I had the honour of laying before the Astronomical Society of London 
two Memoirs, the one relating to the principle of double refraction, considered 
as the basis of an ocular micrometer, and the other to the construction of a 
celestial eye-piece of a telescope having variable powers, I have had occasion 
to modify the said eye-piece in such manner, as to render it subservient to a 
new purpose, not less interesting to the practical astronomer, than the mea- 
surement of small angles, which was the original object. But, before I proceed 
to describe the addition I have made to the former instrument, I shall just 
mention a method of varying the constant angle of a prismatic solid, by the 
juxta-position of a second solid of double refraction, which to me is new, but 
which probably may be known to those philosophers, who have studied more 
minutely the laws of the polarization of light. In trying what effect would be 
produced by placing over one another two doubly-refracting solids of crystal, 
face to face, when united in the way that has been before described • upon 
turning them round in contact, and looking across both in different positions, 
I perceived that there are only four positions, in which a distant object appears 
double and well defined : in all the other situations of the revolving prismatic 
solids, several faint images are seen confounded with one another. I had the 
points marked, to show the four positions where double images take place, and 
ascertained the constant angles due to these four positions, by means of a spi- 
der's-line micrometer. If we denominate the constant angular measure of one 
of the two prismatic solids a, and that of the other 6, I found that, in the first 
position, considered as zero, when determined by the rotation of the prisms, 
the quantity measured will be a— 6, and in the third position a+b ; these po- 
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sitions being diametrically opposite each other : but at the points 90° and 
270° in the circle of rotation, the, two measures are found to be alike ; though 
the quantity is not a mean between the two extremes. Figure 5 of Plate I. 
exhibits a section of two solids, put together in the usual way, and laid over 
one another, as seen in the double cap represented by figure 6 ; which may 
form a part of the eye-piece seen in figure 2, when screwed to it. Each part of 
the cap contains a separate solid, and the one in the exterior revolving portion, 
is so fitted by friction, as to be capable of making a rotation over the face of 
the other, while the outer portion of the double cap revolves. On the lid of 
the larger or stationary portion of this cap, are drawn four strokes, at 9(f from 
each other, as seen in the figure ; and a single line drawn on the circumfe- 
rence of the revolving portion, indicates the positions of the outer prism in 
every part of its rotation. The constant angle of the internal or fixed prismatic 
solid is =58 / =«, and that of the external one =54^=6, when separately mea- 
sured ; and on examining the combinations at the different positions, I found 
6 = (58'— 54') =4' at the first position, when nicely adjusted for giving 
double images ; and also a + b = (58' + 540= 11# : but at each of the two 
intermediate positions, the measure varied from 76' to 78' or 80*, according to 
slight variations in the position ; which however cannot be much varied with- 
out producing a multiplicity and confusion of images, primary and secondary. 
In this combination there are Jive effective changes of measure, which may be 
considered as equal to the measures arising out of five separate prismatic so- 
lids : and if the refracting angles of the two solids were properly proportioned, 
they would thus be sufficient to constitute a complete set. For instance, if a 
and b were made respectively SO* and 20', there would be moreover 3C— 20* 
=rl(y, 3(y+20'=50', and about 36 in each of the two quadrantal positions: 
which series would be suitable for an ordinary eye-piece with variable powers, 
to give all the intermediate measures. In such a combination there is neither 
so much loss of light, nor diminution of the field of view, as might have been 
expected. 

I come now to describe what was intended to be the principal subject of 
this communication : viz. the arrangement that converts the eye-piece micro- 
meter, with double images, into a position-micrometer. When a crystal of 
the micrometer, represented in figure 2, was applied before the eye-piece of 
a transit instrument, all the spider's lines, as was expected, were seen double; 
as was also a star, or other luminous point placed at a distance. But turning 
the prism round a little, soon brought all the images of the vertical lines into 
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contact with the lines themselves, and the coincidence was perfect as to 
breadth, but not as to length of the lines in question : the image of the star 
in the mean time revolved round the star itself without coming into contact. 
Likewise when two stars, in the same field of view, are examined through a 
doubly-refracting prism, a line connecting either star and its own image will 
be truly vertical, when the image of the vertical line is coincident with the line 
itself, which may always be made so by turning round the prism. While the 
image of the vertical line was separated from the line itself to its greatest di- 
stance, by turning the prism, the image of the star circulated round the star 
the space of an exact quadrant. In this situation the horizontal line and its 
image coincided as to breadth, but not as to length, just as the vertical line 
and its image had done before : and separating them to their greatest distance, 
brought the vertical line and its image again into a state of coincidence ; 
while the image of the star moved through another quadrant. The same ap- 
pearances took place in the quadrantal point of the other semi-circle. This 
experiment led to an immediate conclusion, that if a vernier connected with 
the revolving prismatic solid, were made to travel along a graduated circle, un- 
til a pair of stars and their images are all seen arranged in one straight line, it 
would indicate, in that position, the angle that this line makes with the vertical 
or horizontal line, accordingly as the graduations might be figured on the limb ; 
provided that the zero of the circle has been previously adjusted to the ver- 
nier, while one of the vertical or horizontal lines had its respective image co- 
incident" therewith. 

Accordingly I had a circle of three inches diameter graduated, and adapted 
both to the eye-end of my transit instrument, and to hold a prism attached to 
the vernier, by Mr. Troughton ; which appendage has the peculiar advan- 
tage of measuring the required angle of position without the admission of ad- 
ventitious light, which is a desideratum in the spider's-line micrometer, not to 
be attained. It is indeed necessary to admit light, to show the lines while the 
adjustment of the vernier to zero of the circle is making ; but when once the 
parallelism of the line joining the star and its image, as it regards the vertical 
line, is ensured, the light may be altogether withdrawn. Indeed if one of any 
two stars under examination is very small, the light must necessarily be with- 
fjrawn, before the observation, depending on the straight line, connecting the 
two stars with their images, can be completed ; for otherwise the small star 
would disappear amidst the adventitious light. If the two stars, to be observed, 
happen to lie in a vertical line, when the adjustment of the vertical spider's- 
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line to coincidence with its image is finished, a line connecting their images 
will also lie in a vertical position, and will pass consequently through the stars 
themselves also. In this case no angle will be formed with the vertical ; and 
the two stars will have the same right ascension. Also when two stars have 
the same declination, the line that joins them, and also passes through their 
images, will be parallel to the horizon, and consequently will cut the vertical at 
right angles. But at all intermediate positions of any two contiguous stars, a 
line joining the said stars, and also passing through their images, will cut both 
the vertical and horizontal lines, whether these lines are visible or not, in the 
angle and complement of the angle indicated by the vernier. If the angle 
made with the vertical is the one indicated, then its complement will be that 
made by intersecting the horizontal line : and vice versa. Hence it will be 
obvious, that after the proper adjustment for zero is once made, carrying the 
vernier gradually along the limb of the circle, until the two stars, to be ob- 
served, are seen forming one straight line with their images, is all that is re- 
quired, in taking the measure, which such line makes with the vertical or ho- 
rizontal line, as the case may be : but then this measure, to be accurate, must 
be taken when the stars are passing the meridian of the place of observation. 
If observations of this, kind be taken with great care, and repeated at remote 
intervals, it will ultimately appear, whether or not the obliquity of the mea- 
sured angle is constant; or, in other words, whether one of the two stars 
changes its relative position, by revolving slowly round the other : and it is 
probably from such observations as detect slight changes of angular distance, 
and of position, in pairs of stars, that the constitution of the starry firmament 
must be finally determined. 

This new method of making delicate observations, on the position of stars, 
will be rendered more intelligible by a reference to the diagram contained 
in figure 9, in which a b is one of the vertical spider's-lines of a transit 
instrument, covered by its image ; d and e, two stars in the field of view, 
when passing the meridian, with /and g their respective images : in which 
situation the short lines d f 3 and e g s connecting the separate stars with 
their own images, are both parallel to the vertical line a b ; and the vernier 
is supposed to indicate o on the circle, that surrounds the eye-piece. Now 
when the vernier is made to pass along the arc a c, the two images/ and g 
will also pass along their small arcs, until ttyey arrive at the line c b 3 which 
connects the stars ; and the angles/d c, and gee, will each be equal to the 
angle a h c, which was to be measured ; and which, in this position, will be 
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indicated by the vernier, as the angle of position. It is in this position also 
that the small angular distance between the stars themselves must be mea- 
sured, by an eye-piece having variable powers, without reference to the 
circle. For, when the power of the telescope is increased or diminished, as 
the case may require, until the image of star e covers the star d } the distance 
between the two lenses, indicated on the graduated tube, will afford datum 
for finding first the power, and then the corresponding tabular measure, as 
before directed, with the utmost accuracy. 

After I had been successful in the application of the position- micrometer, 
which is represented by the circle and vernier, at one end of the instrument 
seen m figure 7, and also in section in figure 8, I was desirous of uniting in 
one eye-piece the properties of both my micrometers ; viz. that which I have 
before described, as measuring angular distances, and this which I have now 
described as measuring angles of position, when forming an appendage to the 
transit instrument. It was easy to perceive, that such union would be prac- 
ticable, provided an adjustable vertical line could be introduced, that would 
not be displaced or broken by the sliding lens of the eye-piece already con- 
structed. At first I introduced a spider's-line for this purpose, in a small 
piece of tube that held the sliding lens, and had the instrument completed by 
Payrer, of White-Lion-Street, Pentonville, to my entire satisfaction, after I 
had supplied him with suitable prisms. A difficulty however soon presented 
itself, which I had to remedy : for the lens could not be cleaned on account 
of the attached spider's-line, near one of its faces. But on mentioning this 
unpleasant circumstance to Mr. Thomas Jones of Charing-cross, he drew 
me a fine line with a diamond diametrically across the plane face of the lens ; 
which, being as fine as the spider's-line, completely answers the same pur- 
pose : and, as the piece of tube holding the lens will turn round by means of 
an adjusting fork, taking hold of two holes, the line thus made on the face of 
the lens can be readily made vertical, after the eye-piece is screwed home, in 
any telescope whatever. In this instrument the inner lens, or that which has 
the diametrical stroke of the diamond, is made to approach the eye-lens by a 
rack and pinion, in order that the vertical line, once adjusted, may not be 
turned aside from its proper position. The entire instrument is represented 
in figure 7 ; and figure 8 is a section of the same. The vernier piece is moved, 
along with the inner lens, by the rackwork, and shows on the external tube 
the distance between the two lenses in any given position ; while the eye-lens 
remains stationary; which is just the reverse of the motion given in the eye- 
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piece denoted by figures 2 and 3. That portion of the instrument, which lies 
between the eye of the observer and the graduated circle, contains the pris- 
matic solid and vernier connected together, which piece keeps its place by 
friction, but will revolve round the outer lens, on a fixed ring, that admits of 
the vernier's coming just in contact with the divided circle. In order that the 
scale of measurement of the powers may be extended, three eye-lenses will 
screw, in succession, into the same hole; which lenses have different focal 
lengths : and when any of them requires to be changed, the vernier piece 
must be removed from its place ; but the prisms can be successively applied at 
the extreme end, close to the eye, without such removal. 

When this micrometer is used as a micrometer for small angular distances; 
the thumb-screw of the rack, and the screw for distinct vision of the telescope, 
must both be used alternately, until the measure is correctly taken. But when 
it is used as a position-micrometer, the diamond line must be first distinctly 
seen, and placed vertical ; and as there is but one distance between the lenses, 
that will give distinct vision of this line, it may be desirable, after having found 
this position, not to alter it, until the angle of position is taken : unless the 
power requires to be altered for a particular purpose. Because when the ver- 
tical line remains visible, by the introduction of lamp- or candle-light, at the 
side, or object-end of the telescope, after the angle of position has been taken, 
it may be presumed, that the images of the stars were properly adjusted when 
the measure was taken. In taking the angle of position, the vernier must 
be moved to the right or left of zero, accordingly as the upper star precedes 
or follows the lower : which a little practice will render familiar. And (what 
is an advantage in this eye-piece, as in other circular instruments,) the mea- 
sure either of distance, or of position, may be repeated at the opposite end 
of the diameter, by carrying the vernier just a semicircle from its first mea- 
suring position. At some future time, probably, I may be enabled to lay before 
this society some actual observations, that may show what degree of confidence 
may be placed in measures taken by this position-micrometer. 




II. Observations on the best mode of examining the double or compound 
Stars ; together with a Catalogue of those whose places have been identified. 
By James South, Esq. F.R.S. F.L.S. Honorary Member of the Cam- 
bridge Philosophical Society, $c. 
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" Os homini sublime dedit, coelumque taeri 
Jussit, et erectos ad sidera toUere vultus." 

AMONGST the various subjects, which engage the attention of practical 
astronomers, that of the double or compound stars, has perhaps scarcely had 
so much as might be wished for; and indeed to the venerable President of 
this Society it is, that astronomy is principally indebted for all she knows, 
relative to the interesting phenomena they present. 

A period little short of forty years has now elapsed since Sir William 
Herschel communicated to the Royal Society his catalogues of compound 
stars; and to the present period, I am not aware of an attempt which has 
been made to repeat, upon any extensive scale, his observations. The 
Rev. Mr. Wollaston, it is true, in his valuable Fasciculus, has described 
some from his own observations; these, however, are but few in number, and 
when it is remembered that they were made with an instrument magnifying 
only 40 times, their importance seems inconsiderable. 

Mindful therefore of this circumstance, and thinking as I do, that astro- 
nomers require little stimulus to induce them to enter upon this curious sub- 
ject of inquiry, I beg to offer, through the medium of this society, the means 
by which, with little trouble, they may establish the truth of, or correct the 
errors (if any) of that indefatigable philosopher, who has made this province 
of astronomy peculiarly, if not exclusively, his own. 

During the last ten years I have possessed telescopes of different sorts and 
magnitudes, not however very large, as the means of procuring such, not less 
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than the opportunity of using them, were denied me. The principal of these 
L a Gregorian reflector, whose speculum is six inches in diameter and focal 
distanced rty inches, and an achromatic of five feet focal length, and Sf inches 
aperture. The former of these was made by Watson, and .s mounted plainly 
on a plr and claw stand ; the latter is the work of the late Bfe Dollond, 
and is attached to the declination circle of my equatom . 

With the first of these instruments, very many of the stars f« ™S Sn 
Wiluam's catalogues have been observed ; but the labour attending the obser- 
vations soon becomes fatiguing. To practical astronomers it " 
me to say, that the finding many of the stars with a plamly-mounte d tdescop 
is no easy task; and unless indeed the observer is very conversant with the 
names and relative situations of the stars, it becomes absolutely impossible. 
Hence * is, that young astronomers, uncertain whether to blame themselves, 
or their instruments, are often led to relinquish the pursuH with despair. 

To avoid this constant labour, and not unfrequent source of mortification, 
I would propose to conduct the observations of these objects on the meridian ; 
andfor this purpose, telescopes such as I have alluded to, if well mounted, and 
furnished with the requisite appendages, may be advantageously employed^ 
In proposing this mode, I know I am deviating from the plan recommended 
Jby Sir W. Herschel, who, in the Philosophical Transactions, vol. 75, p. *4 
after describing his own manner of finding the stars, says:—" Before I quit 
this subject, 1 must remark, that it will be found on trial that this method ot 
pointing out a double star is not only equal but indeed supenor to having ite 
right ascension and declination given ; for since it is to be viewed with very 
-high powers, not such as fixed instruments are generally furnished with, the 
given right ascension and declination would be of no service. We might 
indeed find the star by a fixed or equatorial instrument, and, taking notice ot 
its situation with regard to other neighbouring stars, find and view it after- 
wards by a more powerful telescope ,- but this will nearly amount to the very 
same way which here is pursued with more deliberate accuracy than we are apt 
to use while we are employed in seeking out an object to look at." 

After such arguments, from such authority, it may be deemed presumptuous, 
or perhaps indecent in me, to withhold my approval of them : I trust, how- 
ever, I shall be exonerated from either of these imputations, if I can show 
that the grounds of my dissent are well founded. 

On referring to the principle upon which Sir William's preference to his 
.own mode was founded, it will be seen that he was led to this conclusion by 
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the fact, that the fixed instruments in our observatories were inadequate to 
the purpose ; and here is an indisputable truth, for at the time his paper was 
written, and indeed for many years afterwards, the Royal Observatory at 
Greenwich (which may be fairly taken as a specimen of the rest) could only 
produce three instruments at all suitable for the task ; these were the mural 
quadrant, the transit instrument, and the equatorial. 

The first of these had an achromatic object-glass, of 2.5 inches in diameter, 
and eight feet focal length ; its deepest magnifying power was 60. The se- 
cond was provided with an object-glass of 2.8 inches in diameter, and eight 
feet focal length, and its only magnifying power was 80. And ther last, 
although of larger aperture, was only supplied with a power of 70. Hence, 
therefore, it is very clear that instruments such as these were perfectly inade- 
quate to the purpose. 

Now however things are different ; telescopes of considerable magnitude 
are attached to our fixed instruments, capable of bearing magnifying powers 
of 5 or 600. Hence, therefore, the observations of Sir William Herschel, 
relative to the inadequacy of fixed instruments, ceasing to apply, become 
groundless ; and it rests for me to proceed to the next part of my subject, 
which is, to point out their peculiar fitness. 

Their claim to this attribute may be substantiated by their superior steadi- 
ness; by the unerring certainty with which they may be directed to the 
wished-for star; by the opportunity they afford us of examining any star, at 
its most advantageous situation ; by the uniformity in the appearance of the 
compound stars, which they present to the eye and position of the observer; 
thereby materially assisting him in subsequent observations; and lastly, by 
the facility which they afford to the dispatch of business. 

1st. As to their superior steadiness ; of this much need not be said : no one 
will doubt the fact, who has ever seen a star pass through the field of a fixed 
instrument. 

2dly. As to the certainty with which they may be directed to the required 
star; this is self-evident, and requires no comment. 

3dly. As to the opportunity they afford us of examining any star, at its most 
advantageous situation ; this also needs but little to be insisted upon : for it 
must be allowed, that objects are viewed with more or less accuracy, accord- 
ing as the medium through which they are observed is more or less dense ; 
and cceteris paribus, when on the meridian there must be less obstructing me- 
dium than in their lower altitudes- 
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4thly. As to the uniformity in the appearance of the compound stars, 
which they present to the eye and position of the observer, whereby he is 
materially assisted in his future observations of them ; this is a position which 
it is perhaps necessary to explain ; its truth however will be best shown, 
when describing the mode of observing which I pursue with my own instru- 
ment. 

Lastly. The facility which these instruments afford to the dispatch of obser- 
vations. Now this will admit of no doubt, if the observer be supplied with a 
catalogue of these stars, arranged according to their order of right ascension ; 
and of such a catalogue I beg to crave this society's acceptance. For the 
removal of doubt, however, if any should exist, as to the accuracy of this 
assertion, I must, as in the last instance, refer the members to a future part 
of the paper. 

The instrument I make use of is an equatorial ; by contrivances, however, 
which it is needless now to enumerate, it becomes a very good transit, and as 
such only is frequently employed : to enter into a description of it would be 
foreign to the purpose of the present paper ; suffice it therefore to say, that its 
object-glass, under favourable circumstances, will bear a magnifying power as 
high as 5 or 600. 

Placed in the plane of the meridian, it is supplied with such a power, as best 
suits the state of the atmosphere. When the star has advanced into the field 
sufficiently to allow the moveable eye-piece to be brought directly over it, the 
light illuminating the wires is gradually removed, and the faint star or stars, if 
any be present, are thus rendered visible : satisfied upon this point, I then cau- 
tiously re-admit the light, so as to make the position of the wires barely per- 
ceptible : by a slight motion of the declination circle, the larger star is made 
to run just above or just below the horizontal wire, as near as may be, so as 
not to touch it. During this time, the eye is capable, in most instances, of 
following the small star or stars, although perhaps there may be too much 
light to have enabled the observer in the first instance to have discovered them. 
Allowing, therefore, the small star to reach the meridian wire, the situation 
of it, with regard to the larger or bright star, is immediately seen, and may be 
transferred to paper without difficulty. 

To the relative situation and magnitude of the stars should be added their 
difference in colour (where any exists); and the magnifying power employed, 
together with the state of the weather, should on no account be omitted. 

After this manner, in a night of six hours, I have examined upwards of 
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100 stars ; out of this number 70 were separated, and diagrams made of them 
at the time. 

That the diagrams thus made possess a tolerable degree of accuracy, may 
be inferred from the circumstance that a friend of mine, a member of this So- 
ciety, much accustomed to observations of this sort, whilst passing the evening 
with me, examined and made diagrams of fifty of the same stars, which, on 
comparison with mine, were found to differ only in o§e solitary instance. 

These therefore, when carefully taken, will materially expedite our applica- 
cation of micrometrical instruments, for the purpose of ascertaining their di- 
stances and relative situations ; for as yet, these are matters involved in some 
uncertainty. It is to be hoped, however, that ere long observations will not 
be wanting, sufficient to remove from minds the most sceptical, all doubts as to 
these curious and interesting points. 

Although it is not my intention to say, that a telescope such as I have de- 
scribed, is adequate distinctly to separate all of Sir W. Herschel's compound 
stars, still I am persuaded, that most of them are within its reach ; it probably 
may discover some not yet described by him, and perhaps in a few instances 
may correct the descriptions he has given : having however examined most of 
them, I feel warranted in saying these will be but few. 

As to the prevalent opinion that the compound stars cannot be well seen, 
except when the weather is particularly favourable, and when twilight and 
moon-light are absent, it may be right to observe, that this opinion should not 
be carried too far ; for although it is true that some of them cannot be sepa- 
rated at all, unless under the most advantageous circumstances possible, yet 
it is as true, that many may be seen during twilight or moon-light, and that 
several may be more neatly defined, whilst the sun is shining with aH its 
splendour on the meridian, than they can be in the darkest period of the 
night. 

The catalogue accompanying this paper is arranged from that of Bode, 
published at Berlin, in the year 1801. The reductions are made to the 1st of 
January 1821. The first column contains the number in Bode's catalogue ; 
the second, that of Flamsteed's ; the third, the name or character of the star ; 
the fourth, its magnitude ; the fifth, its right ascension converted into time; the 
sixth, its annual variation in right ascension ; the seventh, its declination ; the 
eighth, its annual variation in declination; the ninth, its class and number in 
Sir William's catalogue ; and the tenth contains the distances between the 
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It is right for me to observe, that Sir William Herschel has described 
many compound stars, which are not to be found in this, catalogue. Their 
right ascension and declination I am at present unacquainted with. 

Having now come to the conclusion of my subject, it remains for me only to 
apologize to the society for the large demand I have made upon their patience ; 
and to express a hope, and a sincere one it is, that nothing may have escaped 
my pen, calculated to occasion the least offence towards the illustrious indivi- 
dual, with whom, as to the best mode of observing these objects, I have pre- 
sumed to differ. Censure I have none to offer ; commendation such as mine 
is unworthy his acceptance. 

My sole object has been to facilitate the investigation of this branch of prac* 
tical astronomy, at the same time showing, that to substantiate the general ac- 
curacy of this portion of Herschelian discovery, an unwieldy apparatus is not 
necessary ; but that an observer with moderate instruments, if diligent in the 
pursuit of, and faithful in narrating observations, may perhaps add something 
to our present stock of knowledge, alike gratifying to himself, and beneficial to 
astronomy. 

James South. 

Blackmail Street, 
May 10, 1820. 
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29 


r Aurigae 


5 


5 36 47 


+4.1 


39 7 5 JN 


+2.2 


5.21 


30 


53 


13 


y Leporis 


4 


5 37 1 


+2.5 


aa <fc/"\ CftAr O 

; 22 30 37 a 


—2.1 


5.50 


40 


196 




Orionis 


6 


5 38 23 


+ 3.2 


6 2? 16 J\ 


+2.0 


1.20 


— 


140 


32 


v Aurigae 


5 


5 39 3 


+ 4.1 


39 5 35 N 


+ 2.0 


5.90 


53 


222 


58 


a Orionis 


1 


5 45 28 


+ 3.2 


7 21 59 N 


+ 1.4 


— 


— 


158 


34 


P Aurigae 


2 


5 46 24 


+4.4 


44 55 8 N 


+ 1.4 


6.88 


169 


161 




Aurigae 


6 


5 47 14 


+4.3 


44 34 34 N 


+ 1.2 


5.91 


— 


163 


37 


0 Aurigae 


4 


5 47 31 


+4.1 


37 11 45 N 


+ 2.0 


6.34 


2'4 


233 


59 


Orionis 


6 


5 49 6 


+ 3.1 


1 49 2 N 


+ 1.1 


5.100 


37 


191 


41 


Aurigae 


6 


5 57 52 


+ 4.5 


48 44 18 N 


+ 0.4 


3.82 


8 


: 9 


5 


Lyncis 


6 


6 11 9 


+ 5.2 


58 30 6 N 


—0.7 


6.102 


88 


35 


8 


Monocerot. 


4 


6 14 16 


+ 3.1 


4 40 51 N 


— 1.1 


3.29 


12 


38 


15 


Geminor. 


7 


6 17 13 


+ 3.9 


20 53 33 N 


— 1.4 


5.56 


33 


r 11 




Argo Navis 


7 


6 17 55 


+2.0 


36 36 45 S 


+ 1.4 


— 


— 


229 




Aurigae 


7 


6 19 36 


+ 4.8 


52 35 IN 


— 1.5 


, — 


— 


48 


11 


Monocerot. 


5 


6 20 4 


+ 2.9 


6 55 20 S 


+ 1.6 


— 


— 


45 


20 


Geminor. 


6 


6 21 51 


+ 3.5 


17 54 7 N 


— 1.7 


4.46 


— 


15 




Telescop.Hersch. 


7 


6 26 28 


+4.2 


41 40 16 N 


—2.2 






60 


6 


y Canis Major. 


6 


6 28 35 


+2.6 


18 30 56 S 


+ 2.4 


6.81 


18 


23 


12 


Lyncis 


6 


6 30 22 


+ 5.3 


59 36 30 N 


—2.4 


3.22 c 


r 1.6 


37 




Argo Navis 


6 


6 30 33 


+ 1.3 


62 41 3 S 


+2.6 






64 


27 


e Geminor. 


3 


6 32 53 


+ 3.6 


25 17 58 N 


-2.7 


6.73 


110 


252 


*6 


Aurigae 


5 


6 33 55 


+4.3 


43 45 14 N 


—2.7 


5.107 


53 


20 


56 


Telescop.Hersch. 


5 


6 33 55 


+4.3 


43 45 14 N 


-2.7 






254 


59 


Aurigae 


6 


6 40 39 


+4.1 


39 4 30 N 


-3.3 


4.102 


23 


23 


59 


Telescop.Hersch. 


6 


6 40 39 


+4.1 


39 4 30 N 


-3.3 


4.102 




95 




Canis Major. 


6 


6 43 39 


+2.2 


31 30 31 S 


+ 3.7 


5.108 




96 


38 


Geminor, 


6 


6 44 31 


+ 3.3 


13 23 57 N 


-3.7 


3.47 


8 
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10 


5 17 


k Canis Major. 


7 


h / 
6 47 1 


6 +2.5 


20 11 54 S 


+ 4.0 


5.65 


u 1 


11 


2 43 


£ Geminor. 


3 


6 53 2 


8 +3.5 


20 49 30 N 


- 4.5 


6.9 


92 1 


8 


3 


Argo Navis 


6 


6 58 2 


7 +1.8 


43 22 4 S 


+ 5.0 






; 12' 


r 51 


Geminor. 


5 


7 3 < 


J +3.4 


16 27 21 N 


- 5.3 


6.74 




10( 


) 


Argo Navis 


7 


7 5 4, 


5 +1.1 


56 4 13 S 


+ 5.6 






4* 


\ 19 


Lyncis 


5 


7 8 1. 


5 +4.9 


55 36 38 N 


- 5.5 


, 3.84 


7 I 


131 


) 55 


$ Geminor. 


3 


7 9 2<: 


1 +3.5 


22 18 15 N 


- 5.8 


2.21 




151 


63 


Geminor. 


6 


7 17 I 


) +3.5 


21 48 19 N 


— 6.5 


5.43 


44 ] 


144 




Argo Navis 


7 


7 21 C 


+ 0.7 


61 55 24 S 


+ 6.9 





r J 


\ 16fi 


66 


a Geminor. 


2 


7 23 £ 


+ 3.8 


32 16 26 N 


- 6.9 


2.1 


5 ] 


34 




Officin. Typog. 


6 


7 28 18 


+2.7 


14 5 55 S 


+ 7.4 


, 




31 




Canis Minor. 


7 


7 30 36 


+ 3.1 


5 38 9 N 


- 7.6 


1.23 


_ J 


195 


78 


]S Geminor. 


2 


7 34 23 


+ 3.7 


28 27 7 N 


- 7.9 


6.42 




198 


80 


«r Geminor. 


5 


7 35 56 


+ 3.8 


33 50 49 N 


- 7.9 


4.53 


21{ I 


194 


2 


Argo Navis 


6 


7 37 13 


+2.7 


14 15 30 S 


+ 8.1 


4.91 


17 J 


61 


2 


Officin. Typog. 


6 


7 37 13 


+ 2.7 


14 15 30 S 


+ 8.1 


. . 




201 




Geminor. 


7 


7 37 58 


+ 3.4 


18 46 30 N 


- 8.2 


2.64 


— 1 


238 




Argo Navis 


6 


7 44 29 


+ 1.2 


56 1 37 S 


+ 8.8 


— 


— ] 


] 




TlfCfla TUT aim. 

KJlbdC major. 


7 


7 47 58 


+ 5.5 


64 9 4 N 


— 8.8 






53 


14 


Canis Minor. 


6 


7 49 4 


+ 3.1 


2 41 29 N 


— 9.1 


6.84 




8 


4 


to Cancri 


6 


7 50 54 


+ 3.6 


25 34 34 N 


- 9.2 


6.75 


75 1 


186 




Monocerot. 


6 


7 53 35 


+2.9 


5 49 30 S 


+ 9.5 






24 


11 


Cancri 


6 


7 57 50 


+ 3.6 


27 59 48 N 


- 9.7 






191 


29 


Monocerot. 


6 


7 59 35 


+ 3.0 


2 28 28 S 


+ 9.9 


4.97 


30 j 


32 


16 


s Cancri 


5 


8 1 54 


+ 3.4 


18 10 57 N 


-10.0 


1.24or 3.19.81 


300 


19 


Argo Navis 


4 


8 2 52 


+2.8 


12 23 57 S 


+ 10.1 


4.26 


25 1 


37 




Cancri 


7 


8 3 55 


+ 3.4 


18 9 0 N 


-10.2 


6.78 




320 




Argo Navis 


7 


8 7 15 


+2.2 


35 47 20 S 


+ 10.5 






58 


22 


ft flanrKi 


7 


8 15 32 


+ 3.6 4 


28 25 50 N 


— 11.0 


6.109 




60 


23 i 


p Cancri 


6 


8 15 56 


+3.6 \ 


17 30 48 N 


— 11.0 


2.40 




62 


24 


y Cancri 


6 


8 16 1 


+ 3.5 < 


15 7 2 N 


-11.1 


2.41 




64 




Cancri 


6 


8 16 17 


+ 3.2 


8 8 33 N 


-11.1 


5.109 




207 


30 


Monocerot. 


4 


8 16 42 


+ 3.0 


3 19 34 S 


+ 11.1 


5.118 < 


1 


76 


31 ( 


) Cancri 


5 


8 21 21 


+ 3.4 1 


8 41 41 N 


-11.5 


5.59 


45 1 
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18 




Hydra? 


7 


h I ii 

8 26 19 


+ 3.2 


7° 14 27" N 


— 11?9 


3.49 


12 


377 




Argo Navis 


6 


8 31 5 


+ 1.4 


57 23 43 S 


+ 12.2 


— 


— • 


378 




Argo Navis 


6 


8 31 7 


+ 1.4 


57 36 48 S 


+ 12.2 


— 


— 


231 




Monocerot. 


7 


8 33 46 


+ 2.9 


7 51 32 S 


+ 12.4 


6.107 


— 


383 




Argo Navis 


7 


8 33 48 


+2.1 


41 50 55 S 


+ 12.4 


— 


— 


232 


31 


Monocerot. 


4 


8 34 52 


+2.9 


6 35 29 S 


+ 12.4 


6.82 


70 


124 


48 


g Cancri 


5 


8 35 90 


+ 3.6 


29 24 33 N 


— 12.5 


4.52 


30 


140 


54 


Cancri 


7 


8 41 2 


+ 3.3 


16 0 30 N 


— 12.8 


4.111 


17 


144 


51 


o* Cancri 


6 


8 41 28 


+ 3.7 


33 8 17 N 


- 2.9 


6.86 


— 


242 


15 


Monocerot. 


6 


8 42 45 


+2.9 


6 30 56 S 


+ 13.0 


— 


— 


47 


15 


Hydra? 


6 


8 42 45 


+2.9 


6 30 56 S 


+ 13.0 


5.120 


43 


152 


57 


i Cancri 


5 


8 43 17 


4-3.6 


31 15 7 N 


— 12.9 


1.30 


— 


246 


17 


Monocerot. 


6 


8 46 40 


+2.9 


7 17 46 S 


+ 13.2 


— 


— 


55 


17 


Hydrae 


6 


8 46 40 


+ 2.9 


7 17 46 S 


+ 13.2 


2.77 




174 


64 


<r Cancri 


6 


8 48 31 


■To./ 


OO 0 D'Z IS 


— 13.3 


6.87 


80 


180 


67 


p Cancri 


6 


8 51 7 


+ 3.6 


28 36 ON 


-13.4 


6.41 


96 


49 


13 


<r Ursae. Major. 


5 


8 54 29 


+ 5.4 


67 51 3 N 


-13.6 


3.54 


8 


50 


14 


t Ursa? Major. 


5 


8 56 1 


+ 5.0 


64 14 3 N 


-13.7 


5.73 


55 


194 




Cancri 


6 


8 57 6 


+ 3.4 


23 41 47 N 


— 13.9 


— 


— 


53 




Ursa? Major. 


8 


8 58 31 


+ 4.9 


62 25 50 N 


-13.9 


— 


— 


54 


16 


Ursae Major. 


5 


9 0 4 


+4.8 


62 9 2 N 


-14.0 


5.15 


49 


91 


22 


0 Hydra? 


4 


9 4 58 


+2.9 


3 4 3 N 


-14.5 


5.54 


60 


154 


38 


Lyncis 


4 


9 7 39 


+ 3.7 


37 33 23 N 


-14.4 


1.9 


— 


159 


40 


Lyncis 


4 


9 10 7 


+ 3.7 


35 8 40 N 


-14.7 


3.84 


7 


107 


27 


Hydras 


6 


9 11 42 


+2.9 


8 48 30 S 


+ 14.8 


6.85 


— 


73 


21 


Ursae Major. 


6 


9 12 52 


+4.3 


54 46 44 N 


-14.8 


2.73 


— 


76 


23 


Ursa? Major. 


4 


9 17 13 


+ 4.8 


63 50 13 N 


— 15.1 


4.29 


19 


476 




Argo Navis 


6 


9 17 34 


+ 0.0 


73 57 39 S 


+ 15.2 


— 


— 


477 




Argo Navis 


6 


9 17 39 


+0.0 


74 7 20 S 


+ 15.2 




— 


14 


2 


w Leonis 


5 


9 18 44 


+ 3.2 


9 49 55 N 


— 10. Z 


1.26 




16 


3 


Leonis 


6 


9 18 54 


+ 3.2 


8 57 36 N 


— 15.3 


4.47 


24 


127 


31 


* Hydra? 


5 


9 20 1 


+ 3.0 


2 0 0 S 


+ 15.3 


6.71 


62 


27 


6 


Leonis 


6 


9 22 20 


+ 3.2 


10 30 3 N 


-15.4 


4.26 


16 


4 




K Antlia? Pneum. 


6 


9 23 7 


+2.5 


31 6 8 S 


+ 15.5 






21 




Leonis Minor. 


6 


9 23 49 


+ 3.7 


40 24 45 N 


— 15.5 
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Dist. 


5 




g Antliae Pneum. 


6 


h 

9 


23 51 


n 

+2.5 


31 6 28 S 


+ 15.5 






37 


7 


Leonis 


6 


9 


26 1 


+ 3.6 


15 9 48 N 


— 15.6 


5.58 


42 


494 




Argo Navis 


7 


9 


27 23 


+2.1 


48 56 55 S 


+15.7 






50 


14 


Leonis 


4 


9 


31 34 


+3.2 


10 42 18 N 


-15.9 


6.76 


63 


86 


25 


Leonis 


6 


9 


48 18 


+ 3.3 


22 10 16 N 


— 16.8 


5.63 


53 


113 


32 


a Leonis 


1 


9 


58 50 


+3.2 


12 50 21 N 


-17.2 


6.11 


168 


143 


41 


y Leonis 


2 


10 


10 4 


+ 3.3 


20 44 47 N 


—17.7 


1.28 


— 


145 




Leonis 


8 


10 


11 11 


+3.1 


7 20 58 N 


— 17.8 


2.43 




155 




Leonis 


7 


10 


14 0 


+ 3.1 


6 37 33 N 


— 17.9 


5.64 




557 




Argo Navis 


7 


10 


23 23 


+2.5 


41 18 51 S 


+ 18.3 








43 




0 Rob. Caroli 


3 


10 


36 35 


+2.1 


63 27 29 S 


+ 18.7 






245 


54 


Leonis 


5 


10 


45 53 


+ 3.2 


25 42 13 N 


-18.9 







253 


57 


Leonis 


6 


10 


46 56 


+ 3.0 


1 22 25 N 


-19.0 


5.62 


33 


326 


74 


<p Leonis 


4 


11 


7 34 


+ 3.0 


2 40 21 S 


+ 10.5 


6.79 


99 


244 


53 


£ Ursae Major. 


4 


11 


8 45 


+ 3.2 


34 4 16 N 


-19.5 


1.2 


j 


25§ 




Ursae Major. 


7 


11 


15 58 


+3.2 


30 58 52 N 


-19.7 






372 


81 


Leonis 


6 


11 


16 15 


+ 3.1 


17 26 28 N 


-19.6 


5.61 


57 


382 


83 


Leonis 


8 


11 


17 44 


+3.0 


3 59 10 N 


-19.7 


4.13 


29 


38$ 


84 


t* Leonis 


4 


11 


18 42 


+ 3.0 


3 50 29 N 


-19.7 


6.12 


83 


262 


57 


Ursae Major. 


6 


11 


19 26 


+ 3.2 


40 19 49 N 


-19.7 


3.86 




274 




a Hydras 


7 


11 


21 1 


+2.9 


37 28 26 S 


+ 19.7 


3.96 


10 


407 


88 


Leonis 


6 


11 


22 33 


+ 3.1 


15 21 39 N 


-19.7 


3.51 


15 


415 


90 


Leonis 


6 


11 


25 19 


+ 3.1 


17 47 7 N 


-19.8 


1.27 




32 




Centauri 


7 


11 


27 26 


+2.8 


49 47 29 S 


+ 19.8 


— 


— 


35 




Centauri 


7 


11 


28 5 


+2.9 


38 0 30 S 


+ 19.9 






7 


4 


£ Virginis 


6 


11 


38 42 


+ 3.0 


9 14 24 N 


-19.9 


6.113 


146 


471 


93 


Leonis 


4 


11 


36 44 


+ 3.1 


21 12 48 N 


-19.9 


6.80 


70* 


338 


65 


Ursae Major. 


7 


11 


45 44 


+ 3.1 


47 28 27 N 


-20.0 


1.72 


60 


490 


95 


o Leonis 


6. 


11 


46 26 


+ 3.0 


16 38 34 N 


-20.0 


6.13 


90 


4 


2 


Comae Berenic. 


6 


11 


55 7 


+ 3.0 


22 27 37 N 


-20.0 


2.47 




74 


12 


Virginis 


6 


12 


4 18 


+3.0 


11 15 35 N 


-20.0 


4.114 


23 


1 




Apis 


7 


12 


4 32 


+ 3.0 


65 31 21 S 


+ 20.0 






13 


2 


Canum Venat. 


5 


12 


7 9 


+3.0 


41 39 26 N 


-20.0 


3.85 


12 



R 
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X.V.M. 


Declination. 
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Dist. 


5b 




Comae Berenic. 


7 


12 h l 1*43 


a 

+3.0 


O 1 II 

28 4 28 N 


-20*0 


— 


a 


124 


17 


Virginis 


6 


12 13 26 


+3.0 


6 18 12 N 


—20.0 


5.50 


20 


61 


12 


Comae Berenic. 


5 


12 13 29 


+3.0 


26 50 37 N 


-20.0 


5.121 


59 


39 


7 


$ Corvi 


3 


12 20 37 


+3.1 


15 30 48 S 


+20.2 


5.4.105 


23 


95 


24 


Comae Berenic. 


5 


12 26 9 


+3.0 


19 21 41 N 


-19.9 


4.27 


18 


27S 


27 


Virginis 


0 


la 9a o/? 
Ix 32 30 


+3.0 


"1 1 a A 1 AT 

11 24 1 IN 


— 19.9 


6.81 


en 


279 


29 


y Virginis 


3 


12 32 37 


+3.0 


0 27 57 S 


+19.9 


3.18 


7 


138 


35 


Comae Berenic. 


4 


12 44 28 


+2.9 


22 13 24 N 


-19.6 


5.130 


31 


79 


12 


Cannm Venat. 


3 


12 47 38 


+2.8 


39 17 17 N 


-19.6 


4.17 


20 


212 




Camelopard. 


5 


12 47 57 


+0.2 


84 23 3 N 


-19.6 


4.15 


20 


403 


44 


Virginis 


6 


12 50 26 


+3.0 


2 50 37 S 


+19.6 


4.51 


22 


451 


51 


0 Virginis 


4 


13 0 40 


+3.0 


4 34 47 S 


+19.4 


6.43 


64 


465 


54 


Virginis 


6 


13 3 49 


+3.1 


17 52 6 S 


+19.3 


2.45 




488 


61 


Virginis 


5 


13 9 7 


+3.1 


17 17 37 S 


+19.2 


6.90 


73 


423 


79 


$ Ursae Major. 


2 


13 16 42 


+2.4 


55 51 47 N 


-19.0 


3.2 


14 


426 




Ursae Major. 


5 


13 21 50 


+2.2 


60 52 16 N 


-18.9 


6.22 


3} 


007 


Q1 


Virginis 


6 


13 28 17 


+3.1 


6 57 22 S 


+18.6 


1.80 




565 


84 


Virginis 


6 


13 34 3 


+3.0 


4 27 IN 


-18.4 


2.44 




218 


3 


Centauri 


4 


13 41 31 


+3.4 


32 6 4 S 


+18.2 


3.101 


12 


222 




Centauri 


7 


13 43 0 


+3.5 


37 22 15 S 


+18.1 




_ 


42 


8 


r) Bootis 


3 


13 46 9 


+2.8 


19 18 15 N 


— 18.0 


6.95 


'It 


617 


93 


r Virginis 


5 


13 52 31 


+3.0 


2 25 33 N 


-17.8 


6.77 


68 


86 


13 


Bootis 


6 


14 1 35 


+2.2 


50 18 34 N 


-17.3 


6.112 


78 


113 


17 


x Bootis 


6 


14 7 2 


+2.1 


52 38 ON 


-17.1 


3.11 


13j 


136 


21 


i Bootis 


4 


14 9 48 


+2.1 


52 11 47 N 


-17.0 


5.9 


37 


9 




X Turdi Solitar. 


7 


14 15 27 


+3.3 


19 8 36 S 


+16.7 




— 


10 




X Turdi Solitar. 


7 


14 15 29 


+3.3 


19 ' 8 53 S 


+16.7 




— 


309 




r Centauri 
a < 


4 


14 28 2 


+4.4 


60 6 31 S 


+16.1 


— 


— 


310 




Centauri 




1 A OQ 9 


1 A A 

+4.4 


60 6 15 S 


+16.1 






249 


29 


if Bootis 


4 


14 32 18 


+2.8 


17 11 29 N 


-16.0 


3.8 


6 


252 


30 


g Bootis 


3 


14 32 35 


+2.8 


14 30 11 N 


-15.9 


6.104 


90 


30 


73 


Turdi Solitar. 


5 


14 35 37 


+3.4 


24 40 4 S 


+15.7 


3.97 


11 


397 


73 


Hydrae 


5 


14 35 37 


+3.4 


24 40 4 S 


+15.7 


3.97 


11 


276 


36 


e Bootis 


3 


14 37 9 


+2.6 


27 50 8 N 


-15.6 


1.1 
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3* 


J 


Librae 


6 


h / 
14 41 5( 


3 +3*0 


0 29 21 N 


— 15.3 


1.81 




30( 


} 37 


£ Bootis 


4 


14 43 ' 


7 +2.7 






2.18 


3 


3(K 


] 39 


Bootis 


6 


14 43 3 


1 +2.0 


49 27 42 N 


-15.2 


2.79 




4* 


f 15 


£ Librae 


6 


14 47 , 


3 +3.2 


10 40 50 S 


+15.0 


2.20 and 21 


5S 


18 


Librae 


6 


14 49 1, 


3 +3.2 


10 24 55 S 


+14.9 


4.56 




35 




Ursae- Minor. 


6 


14 56 21 


I —0.5 


75 36 2 N 


-14.4 






35? 


44> 


Bootis 


6 


14 57 54 


1 +2.0 


48 21 22 N 


-14.4 


1.15 




Si 


24 


i Librae. 


4 


15 2 1 


+3.3 


19 6 17 S 


+14.2 


6.44 


59 , 


97 




Librae 


6 


15 4 2C 


+3.3 


17 44 55 S 


+14.0 






396 


49 


$ Bootis 


3 


15 '8 le 


+2.4 


33 59 26 N 


-13.7 


6.16 


2£ 


6 


5 


Serpent. Oph. 


6 


15 10 7 


+3.0 


2 27 24 N 


-13.6 


3.106 




117 


5 


Librae 


6 


15 10 7 


+3.0 


2 27 24 N 


— 13.6 






1C 


2 


r t Coronae Boreal. 


5 


15 15 4C 


+2 4 


30 56 33 N 


-13.3 


1.16 




46 


12 


Ursae Minor. 


7 


15 17 10 


+0.0 


71 51 50 N 


-13.1 


5.86 


— 


401; 


51 


[i Bootis 


4 


15 17 44 


+2.2 


38 0 38 N 


— 13.1 


2.17 


128 


3S 


13 


Serpent. Oph. 


3 


15 26 15 


+2.8 


11 8 44 N 


-12.6 


1.42 




178 




Librae 


6 


15 29 0 


+3.2 


8 11 53 S 


+12.4 




_ 


35 


7 


£ Coronae Boreal. 


4 


15 32 39 


+2.2 


37 13 27 N 


-12.1 


2.8 


5 


66 


28 


/3 Serpent. Oph. 


3 


15 37 55 


+2.7 


15 59 28 N 


-11.8 


4.36 


24 


61 


12 


A Coronae Boreal. 


5 


15 49 14 


+2.1 


38 28 12 N 


-10.9 


6.94 


95 


112 




Serpent. Oph. 


7 


lO 12 


J-9 


99 fi 7 \r 


— 1U. / 






71 


15 


p Coronae Boreal. 


5 


15 54 9 


+2.3 


33 51 6 N 


-10.6 


6.93 


88 


211 


51 


£ Librae 


4 


15 54 32 


+3.2 


10 52 11 S 


+10.6 


1.33 


— 


5S 


51 


{? Scorpii 


4 


15 54 32 


+3.2 


10 52 11 S 


+10.6 


1.33 




55 


8 


/3 Scorpii 


2 


15 55 2 


+3.4 


19 18 22 S 


+10.5 


3.7 




20 


7 


x Herculis 


7 


15 59 55 


+2.7 


17 31 46 N 


— 10. 1 


5.8 


40 


78 


14 


v Scorpii 


8 


16 1 35 


+3.4 


18 58 26 S 


+10.0 


5.6 


38 


133 


49 


Serpent. Oph. 


6 


16 3 58 


+2.7 


14 1 6 N 


- 9.8 


1.82 




87 


17 


0* Cornnnp Rnroal 


O 


16 8 3 




%A in 11 AT 
o4 ly 11 IN 


— y.o 


1.3 




89 


18 


v Coronae Boreal. 


6 


16 9 32 


+2.3 


29 35 59 N 


- 9.4 


5.37 


50 


104 


20 


cr Scorpii 


5 1 


16 10 18 


+3.6 


25 9 16 S 


+ 9.4 


4.121 


22 


50 




Y Herculis 


3 ] 


16 14 0 


+2.6 


19 34 49 N 


- 9.1 


5.19 


42 


12 


5 


Ophiuchi 


5 1 


[6 14 51 


+3.5 


23 1 27 S 


+ 9.0 


2.19 




55 


23 


Herculis 


6 1 


6 16 3 


+2.3 


32 45 £ N 


- 8.9 J 


5.38 


36 



r2 
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Dist. 










h / it 




O i II 








28 


10 


A Ophiuchi 


4 


16 21 52 


+3.0 


2 23 9 N 


-8.4 


1.83 


— 


116 


36 


Herculis 


6 


16 31 36 


+2.9 


4 32 51 N 


-7.7 


5.72 


60 


117 


37 


Herculis 


6 


16 31 39 


+2.9 


4 34 27 N 


—7.7 


5.72 


60 


107 


16 


Draconis 


5 


16 31 57 


+1.4 


53 15 53 N 


-7.5 


1.4 


— 


108 


17 


Draconis 


5 


16 31 59 


+1.4 


53 17 20 N 


-7.5 


1.4 


— 


126 


42 


Herculis 


5 


16 33 53 


+1.6 


49 17 ON 


-7.4 


4.63 


21 


128 


40 


g Herculis 


3 


16 34 33 


+2.3 


31 55 54 N 


-7.2 


1.36 




137 


43 


Herculis 


5 


16 37 9 


+2.8 


8 54 49 N 


—7.2 


3.41 


12 


140 


46 


Herculis 


7 


16 37 49 


+2.3 


28 41 29 N 


-7.1 


1.79 




58 


19 


Ophiuchi 


6 


16 38 7 


+3.0 


2 23 27 N 


-7.0 


4.123 


20 


192 




Herculis 


6 


16 53 34 


+2.7 


15 12 2 N 


-5.9 


— 


— 


122 


20 


Draconis 


6 


16 55 32 


+0.2 


65 18 42 N 


-5.6 


1.19 


— 


208 


60 


Herculis 


6 


16 57 6 


+2.7 


12 59 28 N 


-5.6 


5.133 


49 


128 


121 


\l Draconis 


5 


17 1 37 


+1.2 


54 42 37 N 


-5.1 


2.13 


4 


148 


36 


Ophiuchi 


5 


17 4 23 


+3.7 


26 18 24 S 


+4.8 


— 


— 


234 


64 


a Herculis 


3 


17 6 29 


+2.7 


14 36 3 N 


-4.6 


— 


— 


155 


38 


Ophiuchi 


6 


17 6 34 


+3.7 


26 25 27 S 


+4.7 


1.35 


— 


184 


31 


Scorpii 


6 


17 6 34 


+3.7 


26 25 27 S 


+4.7 


1.35 


— 


156 


39 


o Ophiuchi 


6 


17 7 5 


+3.6 


24 4 48 S 


+4.7 


3.25 


10 


238 


65 


$ Herculis 


4 


17 7 40 


+2.4 


25 3 37 N 


-4.6 


5.1 


34 


157 


53 


y Serpent. Oph. 


4 


17 10 44 


+3.3 


12 39 10 S 


+4.4 


5.29 


32 


273 


75 


p Herculis 


4 


17 17 30 


+2.0 


37 19 6 N 


—3.8 


2.4 


3 


242 


54 


Ophiuchi 


6 


17 26 5 


+2.7 


13 17 27 N 


-3.0 


3.35 


8 


241 


53 


Ophiuchi 


6 


17 26 6 


+2.8 


9 43 6 N 


-3.0 


5.30 


32 


138 


24 


y Draconis 


4 


17 28 38 


+1.1 


55 18 34 N 


—2.8 


5.11 


55 


139 


25 


y Draconis 


4 


17 28 43 


+1.1 


55 17 51 N 


—2.8 


5.11 


55 


272 


61 


Ophiuchi 


6 


17 35 33 


+3.0 


2 41 3 N 


-2.2 


4.32 


19 


334 


86 


Herculis 


4 


17 39 27 


+2.3 


27 50 19 N 


-1.9 


4.41 


18 


295 




Ophiuchi 


7 


17 42 59 


+3.0 


1 9 59 N 


-1.6 






147 


31 


Draconis 


4 


17 45 7 


— 1.1 


72 14 UN 


— 1.2 


4.7 


28 


15 


4 


Sagittarii 


6 


17 48 51 


+3.6 


23 47 14 S 


+1.1 






312 


67 


Ophiuchi 


4 


17 51 40 


+3.0 


2 56 59 N 


-0.9 


6.2 


U 


13 


67 


Tauri Poniat. 


4 


17 51 40 


+3.0 


2 56 59 N 


-0.9 


6.2 




315 


69 


r Ophiuchi 


5 


17 53 17 


+3.2 


8 10 29 S 


+0.7 


1.88 




385 


95 


Herculis 


4 


17 53 53 


+2.5 


21 36 15 N 


-0.7 


3.26 


6 
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A. V. M. 


Declination. 


A. V. D. 


C.&N. 


Dist. 


817 


70 


Ophiuchi 


4 


17 h 56 23 


+3.0 


2° 33 29 N 


-0.5 


2.4 


n 


18 


70 


Tauri Poniat. 


4 


17 56 23 


+3.0 


2 33 29 N 


-0.5 


— 





320 


73 


Ophiuchi 


6 


18 0 39 


+2.9 


3 57 13 N 


-0.0 


1.87 





24 


73 


Tauri Poniat. 


6 


18 0 39 


+2.9 


3 57 13 N 


—0.0 


1.87 





55 


13 


jx Sagittarii 


4 


18 3 2 


+3.5 


21 5 47 S 


-0.1 


5.7 


. — 


185 


58 


y Serpent. Oph. 


3 


18 12 1 


+3.0 


2 55 49 S 


—0.9 


5.14 


81 


5 


40 


Cephei 


5 


18 13 25 


-4.4 


79 57 50 N 


+1.4 


4.67 


21 


164 


40 


Draconis 


5 


18 13 25 


-4.4 


79 57 50 N 


+1.4 


4.67 


21 


6 


41 


Cephei 


5 


18 13 32 


-4.4 


79 58 6 N 


+1.4 


4.67 


21 


165 


41 


Draconis 


5 


18 13 32 


-4.4 


79 58 6 N 


+1.4 


4.67 


21 


192 


59 


Serpent. Opb. 


6 


18 18 2 


+3.0 


0 5 31 N 


+1.5 


1.12 


— 


175 


39 


Draconis 


5 


18 21 16 


+0.8 


58 41 56 N 


+1.8 


1.7 


— 


7 




x Coronas Austral. 


6 


18 21 53 


+4.1 


38 51 9 S 


-1.6 


— 


9 


22 




Pavonis 


6 


18 24 53 


+5.8 


64 46 58 S 


-1.9 


— 


— 


23 




Pavonis 


6 


18 26 8 


+5.8 


64 41 55 S 


-2.0 


— 


— 


40 


3 


a Vulturis et Lyra 


1 


18 30 51 


+2.0 


38 36 59 N 


+2.6 


5.39 


37 


2 


2 


Aquilae et Antinoi 


5 


18 32 28 


+3.2 


9 12 34 S 


-2.7 


5.36 


43 


40 


2 


Scuti Sobieskii 


5 


18 32 28 


+3.2 


9 12 34 S 


—2.7 


— 


— 


57 




Vulturis et Lyra 


7 


18 37 57 


+2.1 


33 51 39 N 


+3.2 


— 


— 


59 


4 


s Vulturis et Lyrae 


5 


18 38 18 


+1.9 


39 29 15 N 


+3.2 


2.5 


— 


60 


5 


Vulturis et Lyrae 


6 


18 38 20 


+1.9 


39 25 41 N 


+3.2 


2.6 


— 


61 


6 


K Vulturis et Lyra 


5 


18 38 32 


+2.0 


37 25 30 N 


+3.2 


5.2 


42 


200 


46 


Draconis 


5 


18 39 10 


+1.1 


55 21 35 N 


+3.4 


6.37 




72 


8 


v Vulturis et Lyra 


6 


18 42 6 


+2.2 


32 36 59 N 


+3.6 


5.40 


— 


76 


10 


|3 Vulturis et Lyra 


3 


18 43 28 


+2.2 


33 9 51 N 


+3.6 


5.3 


— 


208 


63 


& Serpent. Oph. 


3 


18 47 19 


+2.9 * 


3 58 32 N 


+4.0 


4.6 


19 


8ft 


11 


o V ultuns et Lyra 


5 


18 47 26 


+2.0 


AtL in "\r 
oo %o XU Fi 




fi 3 
u.o 




212 


47 


o Draconis 


4 


18 48 32 


+0.8 


59 10 19 N 


+4.2 


4.20 


27 


20 


11 


Aquilae et Antin. 


6 


18 50 52 


+2.7 


13 23 27 N 


+4.3 


3.32 


7 


lOV 


38 


£ Sagittarii 


4 


18 51 12 


+3.8 


3U 7 31 a 




f% TQ 
D. / O 




32 


15 


Aquilae et Antin. 


6 


18 55 30 


+3.1 


4 17 27 S 


-4.7 


5.33 


34 


233 




Draconis 


7 


18 59 22 


-1.9 


75 33 15 N 


+5.2 






8 


56 


Cephei 


6 


19 5 22 


-2.3 


76 47 19 N 


+5.7 






237 


56 


Draconis 


6 


19 5 22 


-2.3 


76 47 19 N 


+5.7 


2.31 


5 
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0 t II 






n 


6 




Cygni 


6 


L9 7 26 


+ 1.5 


49 31 10 N 


+ 5.7 






.144 


20 


yj Vulturis 


6 


19 .7 42 


+ 2.0 


38 50 43 N 


+ 5.8 


4.2 


26 


215 




Sagittarii 


7 


19 8 15 


+ 3.5 


19 2 47 S 


— 5.8 


5.77 


36 


77 


24 


Aquilas et Antin. 


7 


19 9 39 


+ 3.0 


0 1 7 S 


— 5.9 


1.14 




151 


21 


0 Vulturis 


6 


19 10 8 


+2.0 


37 49 18 N 


+ 6.0 


6.56 


90 


226 




Sagittarii 


7 


19 11 6 


+ 3.5 


19 33 25 S 


— 6.0 


6.120 


74 


85 


28 


Aquilae et Antin. 


6 


19 11 17 


+2.8 


12 1 15 N 


+ 6.1 


5.34 


35 


27 




Cygni 


6 


19 21 0 


+ 1.8 


44 39 21 N 


+ 6.9 






30 


6 


jS Cygni 


4 


19 23 2S 


+ 2.4 


27 35 27 N 


+ 7.1 


5.5 


39 


11 


4 


e Sagittae 


5 


19 29 7 


+2.7 


16 3 47 N 


+ 7.5 


6.26 


92 


151 




Atjuilae et Antin. 


7 


19 33 22 


+ 3.2 


8 43 11 S 


— 7.9 






72 


16 


Cygni 


5 


19 37 6 


+ 2.2 


33 44 28 N 


+ 8.2 


5.46 


30 


SO 


18 


£ Cygni 


3 


19 39 22 


+ 1.8 


44 41 46 N 


+ 8.3 


1.94 




81 


17 




5 


19 39 31 


+2.2 


33 20 ON 


+ 8.3 




25 
Variable. 


171 


52 


it Aquilas et Antin. 


6 


19 40 23 


+ 3.3 


11 22 37 N 


+ 8.4 


1.92 




22 


8 


s Sagittae 


6 


19 41 0 


+2.6 


18 41 56 N 


+ 8.4 


2.30 


r! 

5 i 


177 


53 


a Aquilae et Antin. 


1 


19 42 I 


+2.9 


8 23 59 N 


+ 9.2 


6.16 


143 


187 


57 


Aquilae et Antin. 


6 


19 44 54 


+ 3.2 


8 41 19 S 


— 8.8 


4.14 


29| 


260 


63 


g Draconis 


5 


19 48 46 


-0.1 


69 48 52 N 


+ 9.2 


1.8 




114 


24 


^ Cygni 


5 


19 50 5S 


+ 1.5 


51 57 51 N 


+ 9.3 


2.15 




30 


13 


% Sagittae 


6 


19 51 54 


+ 2.7 


17 1 44 N 


+ 9.3 


4.64 


23 


342 


64 


Sagittarii 


6 


19 55 11 


+3.3 


12 5 50 S 


- 9.5 


4.3 


25 


51 




Octant. Naut. 


6 


19 55 4? 


+ 9.4 


79 29 IS 


— 9.3 






131 


26 


Cygni 


6 


19 56 1C 


+ 1.6 


49 36 48 N 


+ 9.7 


5.47 


39 


52 




Octant. Naut. 


6 


19 56 5C 


+ 9.5 


79 35 44 S 


- 9.4 


■ 




263 


64 


Draconis 


5 


19 59 32 


+0.6 


64 19 20 N 


+ 10.0 


6.38 


120 


264 


65 


Draconis 


6 


20 o n 


+ 0.6 


64 7 50 N 


+ 10.0 


6.38 


120 


38 


17 


0 Sagitta? 


6 


20 2 C 


+2.6 


20 22 43 N 


+ 10.1 


3.24 




13 


5 


a Capricorni 


4 


20 7 42 


+ 3.3 


13 3 18 S 


— 10.4 


6.4 


75 


156 


31 


o Cygni 


5 


20 7 59 


+ 1.8 


46 11 58 N 


+ 10.5 


6.10 


'100 


15 


7 


<r Capricorni 


7 


20 9 2 


+ 3.4 


19 40 11 S 


— 10.6 


5.87 


50 


164 


32 


Cygni 


5 


20 9 56 


+ 1.8 


47 10 8 N 


+ 10.7 


6.33 


120 


18 


9 


/3 Capricorni 


3 


20 10 5t 


+ 3.3 


15 20 23 S 


-10.7 


6.28 


180 


32 


11 


p Capricorni 


6 


20 18 37 


+ 3.4 


18 23 52 S 


-11.3 


6.29 or 2.51 


37 


12 


Capricorni 


7 


20 19 37 


+ 3.4 


19 9 59 S 


-11.3 


4.71 | 


23 
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35 


1 


x Cephei 


5 


20 h 2l' 36 


u 

+ 1.6 


0 / II 

77 11 28 N 


+ 11.6 


3.70 


6 


15 




Delphini 


6 


20 22 29 


+ 2.8 


10 45 52 N 


+ 11.6 


3.16 


12 


209 


45 


« Cygni 


5 


20 24 30 


+ 1.8 


48 21 10 N 


+ 11.7 


4.23 


30 


211 


46 


w Cygni 


5 


20 25 45 


+ 1.8 


48 37 11 N 


+ 11.8 


4.24 


_ 


26 


6 


jS Delphini 


3 


20 29 8 


+2.8 


13 58 49 N 


+ 12.1 


5.35 


26 


228 


49 


Cygni 


6 


20 33 40 


+2.4 


31 40 22 N 


+ 12.4 


2.98 


— 


237 


52 


Cygni 


6 


20 38 9 


+2.4 


30 4 7 N 


+ 12.7 


2.25 




44 


12 


y Delphini 


3 


20 38 20 


+2.7 


15 29 17 N 


+ 12.7 


3.9 


10 


240 


54 


A Cygni 


4 


20 40 25 


+2.3 


35 50 14 N 


+ 12.8* 


6.32 


__ 


13 


4 


Aquarii 


6 


20 41 54 


+ 3.1 


6 17 29 S 


-12.9 


1.44 




91 


19 


Capricorni 


7 


20 44 40 


+ 3.4 


18 35 41 S 


-13.1 







1 


1 


£ Equulei 


5 


20 49 56 


+ 3.0 


3 36 33 N 


+ 13.5 


3.21 


9 


296 




Cygni 


6 


21 0 5 


+2.0 


46 56 14 N 


+ 14.2 


4.22 


18 


19 




Equulei 


7 


21 4 37 


+2.9 


6 28 16 N 


+ 14.4 







21 


7 


$ Equulei 


4 


21 5 45 


+2.9 


9 17 33 N 


+ 14.5 


4.37 




339 


.69 


Cygni 


6 


21 18 27 


+2.4 


35 54 IN 


+ 15.2 


5.44 




66 




( Octant. Naut. 


6 


21 21 10 


+7.2 


78 9 47 S 


-15.2 







67 




( Octant. Naut. 


6 


21 21 10 


+7.2 


78 10 2 S 


-15.2 






74 


22 


/3 Aquarii 


3 


21 22 7 


+ 3.1 


6 21 14 S 


— 15.4 


5.76 


33 


117 


8 


£ Cephei 


3 


21 26 19 


+0.8 


69 46 34 N 


+ 15.7 


3.6 


13 


135 


39 


£ Capricorni 


4 


21 27 2 


+ 3.3 


20 15 48 S 


— 15.5 


6.6 


75 


36 


3 


Pegasi 


6 


21 28 42 


+2.9 


5 49 9 N 


+ 15.8 


5.98 


35 


84 


24 


Aquarii 


6 


21 30 22 


+ 3.0 


0 50 41 S 


-15.8 


4.38 


25 


54 




Indi 


6 


21 31 12 


+4.3 


58 7 53 S 


— 15.8 








55 




Indi 


6 


21 31 14 


+4.3 


58 5 13 S 


-15.8 


— 


— 


374 


76 


Cygni 


6 


21 34 23 


+2.4 


40 0 6 N 


+ 16.1 


5.43 


48 


50 


8 


£ Pegasi 


2 


21 35 22 


+2.9 


9 3 35 N 


+ 16.1 


6.103 


91 


382 


79 


Cygni 


6 


21 35 58 


• +2.4 


37 29 39 N 


+ 16.3 


6.57 


100 


383 


78 


p Cygni 


3 


21 36 7 


+ 2.6 


27 56 28 N 


+ 16.2 


3.15 


7 


154 


13' 


Cephei 


6 


21 48 52 


+2.0 


55 44 40 N 


+ 16.8 


4.79 


21 


173 


17 
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5 
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+ 1.6 
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5 


] 




a Toucan. 


3 


22 6 9 


+4.2 
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— 17.5 
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51 
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6 


22 14 42 
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— 17.9 
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B. 


Fl. 


Stars' Names. 


M. 


Rt. A. 


A.V.JR. 


Declination. 


A. V. D. 


C.&N. 


Dist. 
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29 
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+ 18.2 


5.4 


38 
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91 
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+ 18.5 


5.97 
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22 


33 
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3y 


17 


42 
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— 
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22 


33 


25 
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17 


42 


AT 
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1 
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22 
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9 


14 


36 


S 
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— 
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44 
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22 


34 
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29 


17 
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N 
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40 
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21 


AT 
JN 
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280 


4 


Cephei 


6 


ao 
23 
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Blackman Street, 
May 12, 1820. 



James South. 
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VIII. On the new Meridian Circle at Gottingen. Communicated by 
Professor Gauss, in a Letter to the Foreign Secretary, of which the fol- 
lowing is an abstract. 

Read November 10, 1820. 



SlR, Observatory, Gottingen, June 3, 1820. 

I RECEIVED on Tuesday last your favour of May 9th, with a copy of the 
Regulations of the Astronomical Society lately formed at London. * * * * 
As the society has declared it to be one of their purposes to gather and pro- 
pagate notices of Astronomical instruments of superior merit, I take the 
liberty to annex to this letter a description (just leaving the press) of an 
astronomical circle, lately erected at the observatory under my direction. 

I am, Sir, with high respect, 

Your most obedient Servant, 



To Mr. Herschel, &c. &c. 
Foreign Secretary of the Astronomical Society, 
London. 



Charles Frederick Gauss. 



The new meridian circle by Reichenbach, received at our observatory 
during the course of last year, has already been some time fixed and in use ; 
we have however judged it necessary, previous to any public notice of its 
merits, to wait the result of a considerable series of trials, so as to be enabled 
to pronounce with greater certainty on its performance, being on a construc- 
tion now employed for the first time. 

The instrument is adapted at once for a transit, and for the measurement 
of altitudes : and possesses (in common with the most perfect meridian tele- 
scopes) all the adjustments requisite for their purpose, which require no 
further description. The telescope is five Paris feet in focal length, and four 
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Paris inches in aperture. The four eye-pieces magnify respectively 68, 86, 
120 and 170 times. (Mr. Gauss uses the most powerful almost exclusively.) 
The cross-wires were obliged to be renewed here, some of them having 
become loosened. They now consist of seven vertical and two horizontal 
spider-threads. The intervals between the former are each traversed by an 
equatorial star in 14". The horizontal ones are only 7",6 asunder. 

The axis (33 Paris inches in length) carries on one side two concentric 
circles, whose outer surfaces (or those furthest from the telescope) he nearly 
in one plane. The exterior circle (which being fastened on the axis, revolves 
with the telescope,) bears the divisions, which are to every three minutes. 
The inner, or Alidade circle, would turn freely about the axis, were it not 
for a clamp fastened on the pillar. This allows it only a small delicate motion 
for the purpose of adjusting the level fastened on it. On this alidade circle 
are the four indices, each 45° from the vertical line, with their verniers; 
which subdivide the principal division into 90 parts each; and consequently 
from 2" to 2", and yet smaller parts admit of estimation. The diameter of the 
circle where the reading-off takes place is 35 Paris inches. That both cir- 
cles, without being in actual contact, are yet separated by an interval scarce 
perceptible, and that in consequence the microscopes for reading-off are pur- 
posely set somewhat obliquely, the surface of the divided circle standing out 
a little, though but extremely little beyond that of the alidade circle, are 
adjustments which this instrument possesses in common with others by the 
same artist. TAree sets of counter-weights (1°. for the whole instrument, 
2°, for the alidade circle, and 3°. for the telescope,) are intended respec- 
tively to take off the pressure of the pivots on their beds, and that of the 
alidade circle on the axis, and to counteract the tendency of the telescope 
itself to bend by its own weight. In the suspended level, employed for 
levelling the axis, a motion of one Paris inch in the bubble corresponds to 
22"; in the principal level to 17",6. The latter serves to retain the alidade 
circle always in the same position, or to measure and take into account very 
small disturbances. (Mr. Gauss usually leaves the adjusting-screw untouched, 
unless the displacement amount to 2" or upwards, which is seldom the case.) 

The inversion of the instrument, which is easily and securely performed by 
means of a very convenient apparatus, serves, where altitudes are in question, 
to eliminate the error of collimation, and convert measured into absolute zenith 
distances. But as it may appear hazardous to regard this error as quite 
unchangeable for a long lapse of time, and after xonsiderable changes of tern- 



Digitized by 



Pxofessor Gauss on the new Meridian Circle at Gottingen. 131 



perature, it is preferable (unless the instrument be very frequently reversed) 
to refer the observations to the pole rather than the zenith. It is so much the 
easier to determine the place of the pole on the limb by circumpokr stars, as 
the optical power of the instrument is surprisingly great. In this respect it is 
scarce inferior to Reichenbach's transit, described in the Gott. Gelehrten 
Anzeigen, 1819, p. 167 ; though the latter, with a greater focal length, has 
also a somewhat greater aperture, and the trifling difference which does exist 
is counterbalanced by the circumstance, that the meridian circle being suscep- 
tible of adjustment beforehand with the utmost exactness on the object, the 
attention of the observer need only be directed to a very small part of the field. 
Among the stars observed in the day-time are a multitude of the fourth mag- 
nitude. / Draconis (Hevelii) and co Cephei (Hevelii), which were observed 
nearly in their conjunction with the Sun at noon, are but of the fifth. So 
delicate is the construction of the reticule, that the day observations of these 
minute points, even when just visible, admit of the same accurate attention as 
those of the largest stars. 

We subjoin here, as a proof of the admirable agreement of the results 
obtainable by this instrument, those of all the determinations of the place of 
the pole on the limb, from the opening of the day-book to the first reversion of 
the instrument, deduced from opposite culminations of circumpolar stars ob- 
served immediately after one another. The harmony of the results afforded 
by one and the same star, shows at once the nicety with which the observa- 
tions may be made, and the constancy of the error of collimation throughout 
this interval. The no less remarkable coincidence of the results deduced from 
different stars proves the excellence of Reichenbach's division, which is the 
more to be admired considering the moderate size of the circle. 



1880. 


Names of Slant. 


Mag. 


PI. of the Pole. 


1820. 


Feb. 26 


a Cephei 


3 


o / « 
321 29 32,14 


Feb. 28 




/3 Cephei 


3 


31,89 


Mar. 9 




$ Draconis 


3 


32,29; 






i) Cephei 


3.4 


32,24 1 






a Cephei 


3 


31,16 






|3 Cephei 


3 


31,65 


10 


27 


$ Draconis 


3 


31,39 


11 




ij Cephei 


3.4 


31,90; 


18 




$ Draconis 


3 


31,54; 






ij Cephei 


3.4 


31,63: 




28 


7 Cephei 


3 


31,54! 


19 




r Cephei 


4 


32,74 





Names of Stars. 



£ Cephei 
8 Draconis 
j3 Cephei 
r Cephei 
1 Cephei 
j3 Cephei 
1 (H.) Draconis 

1 Draconis 

3 Lacertae 
a Ursa? Maj. 
aUrsae Min. 



Mag. J 



PI. of the Pole. 



321 29 31,12 
31,18 
32,18 
31,42 
31,52 
32,05 
31,97 
32,04 
32,32 
21,62 
32,81 
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The mean is 321° 29* 31",84, from which no one of these 23 determinations 
differs by a whole second. 

So far as the observations with this instrument are referred to the pole and 
not to the zenith, the perfectly accurate determination of the altitude of the 
pole is a subordinate object ; and since, when seconds and fractions of seconds 
are in question, the greatest circumspection is required, and moreover so 
perfect a constancy in the error of collimation as the above statement exhibits 
cannot always be expected ; it is advisable, when we would ascertain this 
element with the last exactness, to combine only such observations as imme- 
diately precede and follow an inversion of the axis. M. Gauss does not ven- 
ture, however, to employ his observations hitherto made for this purpose, as a 
considerable interval of unfavourable weather intervened after the first inver- 
sion ; and at the second, on the 13th of April, a trifling accidental derange- 
ment of the cross threads rendered the perfect equality of the errors of colli- 
mation somewhat doubtful, though the results of his observations agree very 
nearly both with each other and with those obtained by another method, 
presently to be explained. The combination uof the place of the pole in the 
first interval, with that in the second (38° 25' 53",54), gives the latitude 
51° 31' 49",15 ; and the combination of thirteen observations of circumpolar 
stars, immediately before the second inversion, with the opposite culminations 
of the same stars taken immediately after it, gives 51°' 31' 47",86. 

A point which has occupied the attention of astronomers for some years, 
though it involves only a few seconds, is yet of the highest importance, both 
in reference to the art of astronomical observation, and on account of the 
numerous astronomical elements, whose exact determination depends on it ; 
I mean the minute differences in the declinations of stars, the obliquity of the 
ecliptic, and the altitude of the pole, which appear in their determination by 
different though very excellent instruments. There is no doubt these diffe- 
rences arise from the action of gravity on the different parts of each instru- 
ment, though hitherto the mode of this action has not been clearly pointed 
out, nor is it possible to pronounce decidedly which instrument has afforded 
the right and which the wrong result. We know, in fact, very little of the 
extent to which the yielding of the metals may go ; and it seems too hazardous 
to deny the possibility of this cause exercising a notable influence on the divi- 
sions, and in consequence on the observations in any instrument, whatever be 
its construction, without grounding such denial on sufficient proof. In our , 
meridian circle, the great artist has done every thing to obviate, the flexure of 
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the telescope by a well-adapted system of counterpoises : still a doubt may 
remain, whether all the flexure be done away with by that means, or ren- 
dered quite insensible ; and the only direct means of ascertaining the point 
seems to be, the combination of immediate observations of a heavenly body, 
with those of its image reflected in an artificial horizon. Such observations 
must of course be frequently repeated to clear up a point of so much delicacy.' 
M. Gauss has already entered on this inquiry by observing the pole-star in a 
reflecting surface of water. It is perhaps the most striking proof of the asto- 
nishing optical power of the telescope, that the superior culmination may be 
very well observed in this manner even in the day-time. The result of the 
first complete observation of this kind was as follows : 

May 13, 1820. — Zenith distance of the north star, free from refraction, but 
including the error of collimation. 



Inferior culmioation . . P™« A ™ ^ 

(.Reflected 220 5 3,94. 

0 . T f Direct 323 8 41 ,51. 

Supen ° r d ° {Reflected 216 46 44,31. 

Hence we deduce the true zenith distance. 

Inferior culmination . . 40° 7 21",60. 
Superior do. ... 36 49 1 ,40. 

And hence (the change of declination in 12 hours being — 0 // ,l) the latitude 
of the place of the water-vessel is 51° 31' 48",45, and that of the centre of 
the circle 51° 31' 48",40. 

This being nearly a mean between the two above given, it is rendered very 
probable that the effect of its weight on the observations with this instrument 
are either quite insensible, or at least extremely small. The declination of 
the North Star from the above observations comes out 0",42 less than in 
Bessel's tables. (The whole series of M. Gauss's observations to the present 
time, give the value of this correction — 0",67.) 

To give one more proof of what this instrument is capable of performing as 
a transit, we subjoin here some observations of Mars by M. Gauss, about the 
time of the quadrature of that planet. 
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1820. 


Mean time. 


J& of prec* Limb. 


Dec. of the Centre. 


30 
31 

April 5 
10 
11 
12 
13 
26 


h / U 

7 10 16,3 
7 7 40,7 
7 5 6,8 
6 52 37,3 
6 40 40,4 
6 38 20,3 
6 36 1,6 
6 33 43,7 
6 5 16,8 


o / n 

•114 37 49,3 
114 57 57,7 
• 115 18 30,1 
117 6 19,9 
119 2 17,5 
119 26 18,3 

119 50 41,5 

120 15 15,0 
125 56 10,0 


24° 16 47*3 N 
24 12 7,1 
24 7 18,1 
23 42 5,4 
23 14 30,6 
23 8 41,0 
23 2 48,0 
22 56 44,8 
21 29 12,8 



The comparison of these observations with M. Von Lindenaxj's tables of 
Mars was performed by M. Von Staudt, who devotes himself among us with 
distinguished zeal and success to the study of mathematical and astronomical 
science. They gave the following differences. 





Differences. 


1820. 


M 


Dec. 


March 29 


-0,7 


II 

+v 


30 


-0,5 


+ 3,9 


31 


-2,1 


+ 6,1 


April 5 


-1,3 


+ 3,9 


10 


-4,9 


+2,9 


11 


-1,9 


+ 3,6 


12 


-4,8 


+ 1,9 


13 


-1,8 


+4,2 


26 


-1,5 


+ 1,5 



Digitized by 



IX. 



On the Solar Eclipse which took place on September 7, 1820. 
ByF.BAiLY, Esq. F.R.S. and L.S. 



Read December 8, 1820. 



The solar eclipse of the 7th of September last, having excited general at- 
tention throughout Europe, on account of its magnitude, I shall venture to 
lay before the society such observations as I myself made relative thereto, and 
also the result of such observations as have been communicated to me by 
others, whose accuracy I have no reason to doubt. These latter however are 
at present neither so numerous nor important as I had reason to expect, con- 
sidering the number of good observers, who must have witnessed this pheno- 
menon : nevertheless I flatter myself that the observations of such persons will 
eventually be communicated to the public in some other manner. 

My own observations were made at Kentish Town, near the bottom of 
Highgate Hill, in N. Lat. 51° 3& 34!', and W. Long. 35",2 in time, from 
Greenwich. The state of the clock was determined by several altitudes of 
the sun, taken on the morning and evening of the 6th, 7th, and 8th, with a 
Troughton's reflecting circle ; the results of which agreed with each other to 
great exactness. The following are the times of the beginning and end of 
the eclipse. 

Beginning = 6 21 42*4 

End = 3 13 41,1 V. mean time at the place. 

Duration = 2 51 58,7-3 

In noting the time of the beginning of the eclipse, I have not made any 
allowance for the first second or two of time, which must (I think) in all cases 
elapse before the commencement of the eclipse can become visible to a specta- 
tor, even with the best telescopes. With respect to the termination of the 
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eclipse I do not consider any such allowance to be necessary as the eye can 
fotw the moon till it is completely off the sun's disc. The telescope made 
use of was a 3* feet refracting telescope by TWv, with an object-glass of 

with a brass cap which reduced the aperture to two inches. The eye was 
: Ite fro m L rays of the sun by a dark glass of a r.d colour ; a circum- 
IZ e wh ch I have thought proper to mention in this place, as it appears 
from the^marks of M. Messier, that the colour of the glass » not immaterial 

in observations of this kind. 

The un was perfectly free from spots during the whole of the day ; and 
had been so for the day or two previous thereto. Soon after the commence- 
m ent of the eclipse, a succession of flying clouds prevented any correct mea- 
sures being taken of the enlightened part of the sun's d s. Towards the 
middle of the eclipse however the clouds dispersed ; and I had an excellent 
opportunity of measuring the diameter of the moon on the sun's disc w, h one 
of Trough-ton's spider-line micrometers, attached to the telescope. By placing 
the two lines of the micrometer as tangents to the moon's d I3 c, I found that 
the distance -between them was 41.20 revolutions. But this was evidently too 
C reat by the thickness of one of the lines, which I found to be equal to five 
divisions: therefore the diameter of the moon was only 41.15 revolutions. 
The value of each revolution (by taking, as a standard, the diameter ot the 
sun on that day, as given by Delambre's tables,) was 43",999 : therefore the 
apparent diameter of the moon, in the direction in which it was measured, was 
29' 29" 4 But this direction was inclined to the horizon about 75 degrees : 
which '(on account of the refraction) diminished the true diameter in that 
direction exactly 1",0: so that its apparent diameter, measured homontatly, 
would be 29' 30",4 ; and consequently its semidiameter equal to 14 4j ,3. 

Now the horizontal semidiameter of the moon, at noon on that day was, 
according to Burckhardt* tables, 14' 41",02 ; to which must be added 8 ,t\ 
for the augmentation at 2 o'clock (tire hour of observation) : thus making the 
apparent semidiameter at that time equal to 14' 49",73, or 4",53 more than 
the above observation I would here remark that, according to Burgh s 
tables, the semidiameter of the moon was 14' 43",13 : which, allowing for the 
augmentation, would make the apparent semidiameter 6",64 more than the 
above observation. . 

After the middle of the eclipse (the atmosphere remaining beautifully cieai ) 
1 proceeded to measure the enlightened part of the sun's disc, or the distance 



Digitized by 



on September 7, 1820. 



137 



of the borders of the sun and moon, with a telescope fitted up for the occasion 
by the Rev. Dr. Pearson, with a Rochon's prismatic micrometer. It was 
only 19 inches long-, 1 inch diameter, and magnified about 30 times : but it 
was admirably adapted for the purpose intended. The prism moved through 
the whole length of the tube by means of a rack and pinion ; and took in a 
scale of 36', divided into seconds by means of a vernier. The advantages at- 
tending an instrument of this kind, are its convenient size, and the ease and 
expedition with which the observations can be made. Nevertheless I think it 
right to remark that, in the present instance, it is probable there is a constant 
error of a few seconds affecting the results, arising from the indistinctness of 
the borders of the sun and moon, which prevented me from determining the 
exact point of contact But as the junction was always made under the same 
apparent circumstances, the proportion between the results will not be affected 
thereby. This inconvenience may probably be overcome in any new tele- 
scope on this construction. The following are the observations which were 
made with this instrument. 



Mean time 
at the place. 


Distance of 
the borders. 


Mean time 
at the place. 


Distance of 
the borders. 


Mean time 
at the place. 


Distance of 
the borders. 


h i ii 




h i u 








2 17 18 


11 8 


2 33 14 


17' 4 


2 45 11 


21 22 


21 3 


12 27 


34 44 


17 SO 


48 36 


22 37 


24 13 


13 41 


36 34 


18 11 


50 58 


23 30 


26 10 


14 25 


39 7 


19 4 


52 47 


24 10 


28 2 


15 5 


40 47 


19 43 


54 0 


24 38 


31 22 


10 20 


43 20 


20 40 







At 2 h 54' I left this instrument in order to prepare for observing the termi- 
nation of the eclipse as above stated : and I cannot but consider it as extremely 
fortunate that the sun was entirely free from clouds both at the beginning and 
end of the eclipse. 

All these observations were made from a large window ; near which was 
suspended a barometer, with a thermometer attached : and I had also sus- 
pended another thermometer in the open air, in the shade. At noon these 
instruments stood as follow; 

T 
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Barometer . . • • 
Thermometer, within . 
. without 



= 29.86 
= 65° 
= 67° 



During the progress of the eclipse, I watched the state of them, but could not 
observe any alteration in either of them. As soon as the eclipse was ended, 
I a ff ain noticed them more particularly, and they stood as follow : 



The diminution of light was very trifling, and would scarcely have been per- 
ceptible, had not my attention been called to it. It by no means appeared so 
great as the diminution which took place in November 1816 : although in that 
eclipse only .78 of the sun's disc was obscured, whereas in the present one .87 
was obscured. But the former eclipse I observed through the dark atmosphere 
of London, where the abstraction of a small portion of light is easily percep- 
tible. And I understand that, in the present eclipse, the diminution of light 
during the middle of the eclipse was very perceptible in the metropolis, and at 
places where the sun was obscured by clouds. Venus was seen by thousands 
of spectators with the naked eye : and I am informed that Mars also was 
visible to many. 

Mr. Dollond informed me that he took the horizontal diameters of the sun 
and moon, at Greenwich, with one of his divided object-glass micrometers; 
and that they were in the proportion of 3.351 to 3.103. Therefore, assuming 
the semidiameter of the sun, as deduced from Delambre's tables, as a stand- 
ard, the apparent semidiameter of the moon will be 14' 44", 14; being about 
one second less than my own observation. The times at which Mr. Dollond 
and Mr. Taylor observed the commencement and end of the eclipse, at the 
Royal Observatory, were as follow : 



Barometer . . . • 
Thermometer, within . 
■ without 



= 29.87 
= 66° 
= 68° 



Beginning 



Dollond. 
0 h 22f 37' 
3 14 40 



Taylor. 
0 h 22' 33",6 




End 



Duration 




took place on September 7, 1820. 



Mr. Groombridge has favoured roe with the following observations of the 
eclipse at Blackheath : N. Lat. 51° 28' 2", E. Long. 0",67 in time from 
Greenwich. End of the eclipse at 3 h 14' 34" mean time at the place : the 
beginning not accurately observed. 



Vertical distance of the Cusps. 



Mean time 
at the place. 


Rev. of 
Microm. 


Mean time 
at the place. 


Rev. of 
Microm. 


Mean time 
at the place. 


Rev. of 
Microm. 


h / // 




h / // 








0 42 12 


12.61 


2 17 16 


35.94 


2 43 22 


27.84 


1 23 44 


20.81 


20 30 


34.78 . 


45 20 


26.89 


47 4 


8.11 


22 38 


34.16 


48 4 


25.84 


50 36 


15.89 


25 32 


33.45 


53 18 


23.57 


2 1 40 


39.28 


29 8 


32.38 


56 46 


21.85 


5 6 


41.11 


31 26 


31.64 


59 0 


20.50 


9 33 


37.01 


34 28 


30,47 


3 0 36 


19.39 


13 5 


37.05 


40 8 


28.87 


. 9 41 


7.28 



Each revolution of the micrometer was equal to 44",982. 

The Rev. Dr. Pearson measured the diameters of the sun and moon not 
only with one of Dollond's divided object-glass micrometers,, but also with 
one of Troughton's line-micrometers. By means of the former he made 
the moon's semidiameter equal to 14' 44",6; and with the latter, equal to 
14' 44",7 : the semidiameter of the sun being considered as the standard for 
the scale. These measures correspond with my own, prior to their reduction. 
Dr. Pearson also measured the luminous portion of the sun, when most ob- 
scured, by means of one of his compound prismatic eye-pieces with variable 
powers, attached to a 2| feet achromatic telescope, and found it to be 3 58",24. 
This measure would indicate an error in the lunar tables ; as the eclipse 
ought not to have been of this magnitude even at Greenwich ; and much less 
ought it to be so at the place where the observation was made. The distance 
between the cusps at l h 53' was 28* 53", 8 by Dollond's micrometer : and the 
distance of the cusps was exactly equal to the diameter of the moon, on its 
leaving the sun's disc at 2 h 2' 25". The end of the eclipse took place at 
3 h 13' 20" mean time at the place : the beginning was not observed. Dr. Pear- 
son's observatory is situated at East Sheen, in N. Lat. 51° 27' 35",7, W. Long. 
1' 3",7 in time from Greenwich. 

t2 
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Mr. William Allen observed the eclipse at Stoke Newington N. Lat. 
51° 33 40", W. Long. 22" in time from Greenwich. 

Beginning = 0 h 22' 31" 
End = 3 13 59 

Duration = 2 51 28 

Mr. Isaac Wiseman wrote to me from Norwich (N. Lat. 52° 38', E. Long. 
5' 10" in time from Greenwich), stating that the eclipse began there at 
0 h 28' 45", and ended at 3 h 21' 40", mean time at the place. The observa- 
tion was made with a three feet reflecting telescope, with a power of 180; 
and the time was deduced from a meridian of his own construction. This 
gentleman has also sent me the result of some experiments on the power of the 
burning lens on different substances, during the time of the eclipse. Having 
procured a piece of pasteboard, he affixed thereto four equal pieces of diffe- 
rent coloured cloths ; viz. black, blue, yellow, and red ; and placed them suc- 
cessively in the focus of a burning lens, on the day preceding the eclipse. 
The following are the periods at which they respectively took fire : viz. 



Black in 


7" 


Blue 


7 


Red 


8 


Yellow 


16 



He also on the same day submitted the bulb of a thermometer (which then 
stood at 66°) to the focus of the lens ; and in 1 J minute it rose to 94°, and 
probably would have risen higher, had he not been apprehensive that the glass 
would have been broken by the heat. These experiments were made at 
about 2 o'clock in the afternoon, in order that they might correspond with the 
time of the eclipse at its greatest obscuration. On the following day, about 
half an hour after the commencement of the eclipse, he applied the cloths in 
succession to the focus of the lens, and found the periods, at which they 
respectively took fire, to be as follow : viz. 

Black in 20" 

Blue 20 

Red 16 

Yellow 40 
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At about half an hour before the end of the eclipse he again submitted them 
to the focus of the lens, and found their periods of ignition to be as under : 
viz. 



But during the time of the greatest obscuration he could not produce any 
effect on them whatever. The thermometer at the commencement of the 
eclipse was at 66° ; and by 2 o'clock had fallen to 61 j. This was about the 
middle of the eclipse : and Mr. Wiseman assures me that at this time he held 
the bulb in the focus of the burning lens for upwards of four minutes, but 
without producing any sensible effect. At a quarter past 2, he repeated the 
same experiment, and with the same result, although the sun was free from 
clouds. At the termination of the eclipse the thermometer rose to 64°. Mr. 
Wiseman also states, that he fitted up a prism in a darkened room, and that 
he made several observations on the coloured rays, which were thrown on a 
screen of white paper. He says that, during the continuance of the eclipse, 
the yellow and blue rays were generally increased in brilliancy, whilst the red 
became exceedingly faint, and did not occupy more than half their usual' 
breadth. As I am not aware that any experiments of a similar kind were 
made during this eclipse, and as the results are somewhat singular, although- 
anticipated by Mr. Wiseman, I have thought it right to state them here in 
order that the attention of the public may be excited thereto in any future' 
eclipse. 

Mr. SLOANEof Belfast informs me that the eclipse commenced there at- 
ll h 47' 38" mean solar time : the observation was made with one of Dollond's 
achromatic telescopes, magnifying about 75 times. 

At Bury in Lancashire, the eclipse commenced at 0 h 9' 10",5 apparent time 
at that place, as observed with an achromatic telescope of five feet focus. 
The latitude of the place was 53° 35' 30", and its longitude west of Green- 
wich 9' 8" in time. 

Most of the letters which I have received from the country remark that the 
diminution of light was not so great as was expected. The fall of the ther- 
mometer towards the middle of the eclipse, was various in various places. I 
have already stated that, as far as my own observations extended, I could not 
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perceive any diminution : the inspection of the instruments was made at in- 
tervals during the eclipse. In some places, I am informed the fall was as 
much as 10°; and, where the thermometer was placed in the sun, as much 
as 15° It appears that the power of a lens to ignite gunpowder, was suspended 
from 10 to 15 minutes, during the middle of the eclipse: and it has been 
already stated, that for about the same period the lens was incapable of pro- 
during any elfect on the thermometer :-an experiment which I believe is 
new, and which is certainly worthy of repetition, whenever another eclipse of 
any considerable magnitude may present itself. 

From the continent I have received some communications, which tend to 
confirm the observations made by former astronomers on this singular and rare 

Ph rTrankfort on the Maine, Mr. J. V. Albert observed the eclipse, as 

follows: . , .„ n 

Beginning . . . l h 14,0 -| 

Do. of the Annulus 2 37,0 I Apparent time. 

Middle of do. 2 39 ,45 ( 

Endof do. 2 42,30J 

At the observatory of the Grand Duke of Baden at Manheim, M. Nicolai 
observed the eclipse as follows : 

Beginning of the Annulus 2 h 37' 37",8T 

End of do. 2 42 32 ,0 \ Apparent time. 

End of the eclipse . . . 4 0 50 ,0J 

The actual formation of the annulus was very remarkable : for, about a second 
before it occurred, the fine curve of the moon's disc, then immediately in con- 
tact with the edge of the sun, appeared broken into several parts : and in a 
moment these parts flowed together like drops of water or quicksilver placed 
near each other. At the dissolution of the annulus, a similar appearance pre- 
sented itself : for the delicate thread of light then formed by the annulus, in- 
stead of being broken in one place only, was in an instant divided in several 
places at once. The thermometer (reduced to Fahrenheit's scale) was at 
the commencement of the eclipse at 66§, and fell towards the middle to W, 
but afterwards rose again to 66£. 

At Augsburg, Professor Stark, observed that the duration of the annulus 
was 5' 47",5; but neither the beginning nor end of the eclipse could be ob- 
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served on account of the unfavourable state of the atmosphere: Reaumur's 
thermometer fell 3£ degrees (equal to 8° of Fahrenheit). 
At Spire, Professor Sohwerd made the following observations : 

Beginning of the Annulus 2 h 37' 55",5^| 

End of do. 2 42 43 ,5 K Apparent time. 

End of the eclipse . . . 4 0 57 ,1 J 

About six seconds before the formation of the annulus, a bright spot was seen 
on the point of one of the horns, which shortly after appeared to flow into it. 
About half a second before the complete junction of the two horns, there ap- 
peared a row of bright points. A similar appearance was observed at the 
dissolution of the annulus. The barometer stood at 28,1 inches : and the 
thermometer (reduced to Fahrenheit's scale) fell from 69§ to 64. A burning- 
glass, six inches diameter, which immediately set wood in a flame, did not 
ignite tinder during the time of the middle of the eclipse ; nor would it turn 
paper, in the least, brown. 

At Munich (in the middle of the city) the formation of the annulus was 
observed at 2 h 53' 23" mean time. The barometer stood at 26,78 inches. 
And the thermometer (reduced to Fahrenheit's scale) fell about 3 degrees. 

From the island of Zante I have received communications from two ob- 
servers ; differing in some trifling points from each other. But as the results 
are stated to the nearest minute only (omitting the seconds), I do not think it 
necessary to quote them in this place. It appears however that the atmo- 
sphere was not perceptibly darkened, till nearly the time of the formation of 
the annulus, which lasted about five minutes : and that the thermometer fell 
only 2§ degrees during the whole time of the eclipse ; viz. from 88£ to 86. 
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X On the Solar Eclipse which took place m September 7, 1820. Commu- 
' nicated in a Letter to J. F. W. Hmmbcmml, Esq., Foreign Secretary, from 
Professor Moll of Utrecht. 

Read May 11, 1821. 



Sir, 

WHEN I had the pleasure of meeting you at Slough, I promised to fey 
before the newly-erected Astronomical Society such information as I could 
collect on the great solar eclipse, which was to take place the next day, it 
• being then the 6th of September. Immediately after my return to HoUand 
1 be^an to collect what had been done in that country, the result of which 1 
be* leave to lay before the Astronomical Society. In the first place, I mean 
to state what calculations were made previous to the observation ; next, what 
observations were made; and lastly, what calculations were made after- 

wards. , . 

As far back as 1806, the late Mr. Lambertus Nieuwenhuis made a graphic 
projection of this eclipse, calculated for Amsterdam ; according to which the 
eclipse was there to be annular. Mr. Bocrje of Middelburg calculated the 
circumstances of the eclipse, and gave delineations of its appearances for Mid- 
delburg, Groningen and Amsterdam. This gentleman's computations were 
made by Mr. De Ranter's ecliptic tables, which are an abridgement of those 
of Mayer, and intended to sacrifice some part of the accuracy to the shortness 
of the calculus. According to this computation the eclipse was not to be an- 
nular at Amsterdam. Mr. Baily, in his memoir on this eclipse, gives an ap- 
proximation of the tjme of the commencement. The commencement and the 
end were also calculated by Mr. Keyser, of the Royal Institute of the Wether- 
lands, and by Mr. Littrow, Director of the Imperial Observatory at Vienna. 
From the diagram subjoined to Mr. Baily's memoir, one would suppose him o 
believe the eclipse not annular at Amsterdam : he observes, however, that as to 
its being annular or not, some uncertainty may exist respecting the places near 
the borders. The eclipse was also calculated by Mr. Greve, Conrector ot the 
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Gymnasium at Amsterdam : and I subjoin the calculations of the beginning 
and the end, as made by divers persons. 





Amsterdam. 






Commencement. 


End. 


Mr. Bourje . . , 


. 12" 43' 30" 


3 h 53* 


JNlEUWENHUIS 


. 12 43 30 


3 34 


Baily . . 


. 12 46 0 




IilTTROW 


12 47 0 


3 38 


Greve , . , 


. 12 42 51 


3 33 14" 


Keyser . . 


13 48 10,6 


3 37 38 




Groningen. 




Mr. Bourje . . 


. 12" 53' 0" 


3" 41' 30" 


Greve . : 


. 12 50 56 


3 41 21 




MlDDELBURG. 




Mr. Bourje . , . 


12 h 38' 


3" 31' 



Observations at Amsterdam. 
The following are the observations actually made at Amsterdam : 
1. Professor Van Swinden, Member of the Royal Institute of the Nether- 
lands, wished to confine himself to the appearance only of the eclipse, and 
whether it would be annular or not. He looked at it with a very good achro- 
matic telescope : it was annular, and the annulus could «ven be distinguished 
with the naked eye. Just before the annulus was formed, he perceived above 
the yet obscurated part of the sun, a b, plate II, fig. 1, a very small arch of 
light, which slowly went from b to c. The illuminated arch was no part of the 
sun's disc, and the space between it and the moon's dark limb bda was not 
illuminated. This arch appeared like a thin reddish thread of light : it might 
have been compared, as to colour and appearance, with the end of the flame 
of an Argand lamp, projecting beyond the chimney or glass tube. A few 
moments afterwards the annulus was actually formed, as it is attempted to be 
represented in the 2d figure. The appearance was striking beyond descrip- 
tion. In the superior annular part some slight undulation was observed, ad if 
a thin cloud of smoke was passing. Professor Van Swinden expected that the 
moon's disc passing the sun, would have remained a perfect circular orb, leaving 

u 
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an annuhis of pure light ; but before the annulus was completely formed, a very 
curious phenomenon presented itself. Between the limbs of the sun and moon 
several dark threads, lines or belts, were observed, as if attaching the sun's and 
moon's discs together. These belts or threads were lacerated, and disappeared 
soon after, leaving the annulus completely formed. But when the annulus was 
about again to disappear, and when the moon's disc approached again the 
sun's limb, these belts or threads formed themselves again ; then drew shorter 
and shorter till the annulus vanished entirely. At the end of the eclipse some 
black threads were perceived again when the moon's disc left the sun, but 
they were less distinct. This singular illuminated arc is represented in fig. 1, 
B c a, Mr. Van Swinden quotes some former observations, when something 
similar appeared: for example, the transit of Venus on the 3d of June 1769; 
of which Mr. Dunn gave a delineation in the PhiL Trans., vol. 60, page 58; 
by Mr. Hirst, vol. 69, page 228; by Dr. Horsley, ibid, page 184; by 
Dr. Maskelyne, an observation, vol. 68, page 355, but no delineation. 
M. Hirst observed also something analogous in India, at the transit of Venus, 
the 6th July 1761 : and the same was observed by some others in Europe. 
Bergman says, Phil. Trans, vol. 52, page 227, cc Citra contactum interiorem, 
seu dum limbus Veneris a Sole interior e separator, hoc non momento evenit ; 
sed, haud aliler ac bince gutt<e aqute separanda, inter se ligamentum for- 
mant, ita quoque e Venere ad marginem Solis tuber culum nigrum extendeba- 
tur. Hoc vero ligamento tandem in medio rumpente, apparuit, $c. . . . 
Circa emersionem eadem fere adparentia occurrebant, quamvis non adeo di- 
stineta, et in contactu ultimo, ligamento quasi Soli adharebat Venus.'' — 
Mason also relates {PhiL Trans, vol. 60, page 467) of the transit of 1769, 
" the limb of Venus appeared attached to the Sun by an eminence like a dark 
shade," To these quotations Professor Van Swinden adds many others ; as, 
the Observation of the Solar Eclipse, 1st March, N. S. 1739, by MacLaurin, 
Phil. Trans, vol. 40 ; of the Solar Eclipse of the 24th of June 1778, by Don 
Antonio de Ulloa, printed separately, and reprinted in Journal de Physique, 
1781 ; of the great Solar Eclipse of the 14th of July, O. S. 1748, by Short in 
PhiL Trans, vol 45 ; of the Eclipse of 1st of April, 1764, by Mr. Darquier 
at Toulouse, in Observat. Astronom. par Darquier, 1777, p. 84, #c. 

Professor Van Swinden did not perceive any spots on the sun, nor were 
there any indentures in the moon's disc. Mr. Van Swinden declines offering 
any hypothesis in explanation of what he saw : he wishes only to state plain 
«*atter of fact 
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2. The next Amsterdam observation is that of Messrs. Keysur, Member of 
the Royal Institute, and Buis. They were at the observatory of the society, 
whose motto is Felix Mentis, in latitude 52° 22* 2", longitude 19' 33" in time 
E. from Greenwich. They were furnished at the observatory with a good 
astronomical clock, by Janvier of Paris. Mr. Keyser in his own house has 
one by Lepaute of Paris. Their time was determined by equal altitudes with 
Lenoir's repeating circle, and the two clocks were frequently compared by 
means of a time-keeper. They observed with an excellent four-feet reflector 
by Dollond, and had besides several achromatic telescopes. The following 
was the rate of Mr. Keyser's clock several days previous to the observation : 

Correction of clock by mean time. 

1820, Sept. 4 at noon +6' 44",57 

4—5 midnight 6 45 ,89 

5 noon 6 45 ,27 

6 noon ...... 6 45,94 

6—7 midnight ..... 6 45 ,43 

Commencement of the eclipse . . . 0* 48* 43"-^ 

The annulus was formed between , { g Jl^ Of Apparent time, 

The end of the eclipse 3 37 50 J 

They lost the exact observation of the annulus, by the annoyance of some in- 
discreet persons who' attended upon the occasion. 

3. Mr. E. H. Greve, Canrector Gymnasii Am$telodamensis r is the next 
observer. I do not believe his time could be as exactly kept as that of MM. 
Keyser and Buis ; but he is the only person who actually did observe the du- 
ration of the annulus, and in this respect his observation deserves particular 
notice. In the morning of the 7th of September, about 8 o'clock, he took 
some altitudes of the sun, to ascertain the going of a chronometer : next day 
these observations were repeated. He does not say with what instrument his 
altitudes were taken, but I presume with a sextant and artificial horizon ; nor 
does he mention the rate of his time-keeper ; he believes that he is certain of 
bis time within one or two seconds. 



Commencement of the eclipse . 0 h 49' 47"- 
The annulus is formed ... 2 16 30 
The annulus disappears . . 2 17 14 
The end of the eclipse ... 3 38 48 

u2 
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A difference of V will jbe observed between Mr. Keyser's and Mr. GrevE s 
observation. I suspect the error lies with Mr. Greve. Mr. Keyser has a 
good deal of practice in astronomy ; he was furnished with good instruments ; 
he ascertained the rate of his clock several days before the observation. The 
observation of Mr. Keyser agrees very well with his own., and Professor. 
Littrow's calculations ; whilst that of Mr. Greve agrees with no calculation 
whatever. The eclipse was observed atGottingen by Professor Encke ; and 
from this and his own observation,, Mr. Keyser calculated the meridian diffe- 
rence between Gottingen and Amsterdam, which agrees perfectly well with 
what was found before. Mr. Greve got his chronometer only on the day of 
the eclipse ; so that he was ignorant of its daily rate. He took, it is said, some 
altitudes, without mentioning with what instrument, and without giving any 
particulars. I believe 1 may assert, that those who are not in the daily habit 
of the sextant, will find it rather difficult to be certain of their time by simple 
altitudes within a few seconds. I am thus decidedly of opinion, that Mr. 
Keyser's observation deserves credit. 

Mr. Greve adds some remarks as to the appearance of the eclipse. He 
made use of an English reflector, made by Mann. The formation of the 
annulus appeared to Mr. Greve the most beautiful pheenomenon which he • 
ever beheld. The sky was very bright ; its blue colour by degrees became 
darker, as at the approach of evening! About the middle of the eclipse the 
westerly cusp of the sun grew obtuse ; from this cusp downwards was formed 
an indenture, which very soon cut out from the dark, limb of the moon a 
semicircular space, equal in diameter to Jupiter: this illuminated semicircle 
showed in that place of the moon's superficies an excavation of extraordinary 
depth ; it is represented fig. 4, at 4. The easterly cusp was now rough in its; 
inferior part, with some slight undulations and inflexions. Soon afterwards, . 
beyond the apex of the cusp, sprung up a number of illuminated spots and lines 
of greater or less magnitude, and of different forms, with dark spaces between; . 
these are seen at a 3 fig. 4. The same appearance was seen soon after in the 
westerly cusp ; and, on a sudden, an illuminated arch, of a clear purple colour, 
was formed between both cusps, the extreme points of which were at a 
distance from each other of about 40° of the sun's circumference. This arch 
lasted for about 9! of time ; it is represented fig. 5 : then darted forward from 
the illuminated cusps many luminous spots and lines, with darker places be- 
tween them, which gradually grew brighter and brighter; they are seen 
6. Then the cusps drew nearer and nearer; and these luminous spots 
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and lines had the appearance of some crystallization of a bright salt when 
viewed with the microscope. They at length melted together, and the cusps 
of the sun could not be any longer distinguished. About 7 or 8 seconds 
after, the annulus was seen completely formed. The scars in the moon's disc 
disappeared entirely ; the annulus grew broader, till it was again suddenly 
dissolved in many spots and belts of different forms. Then could the cusps 
again be distinguished, and the phenomenon ended as it began. Pig. 7 re- 
* presents the annulus completely formed. 

Observation at Lei/den. 
Latitude 53° & 23". Longitude 17' 58" in time, East from Greenwich. 

Professor Ekama could not observe the commencement sufficiently accurate 
on account of a thin cloud passing the sun. The Leyden Observatory is fur- 
nished with astronomical clocks, with a repeating circle of Lenoir, two re- 
flectors,, and various telescopes with micrometers. The eclipse was not annu- 
lar at Leyden. 



Beginning of the ecKpse . . 


0" 


4^ 


51"' 


Obscuration of the sun, 


1 digit 


0 


SO 


50 




2 digits 


0 


59 


34 




5 digits 


1 


23 






6 digits 


1 


31 






9 digits 


1 


54 




Greatest obscuration 




2 


12 


10 




6 digits 


2 


53 






4 digits 


3 


6 




End of the eclipse 




3 


34 


9 - 



Mean time. 



Near the time of the greatest obscuration, the very quick motion of the cusps 
made it almost impossible to measure their distances. The very extremes of 
the cusps were not well defined, but joined together by a very ttyn luminous 
thread, which was not very well limited, and formed a very thin arch of 
•ight. The illuminated part of the sun was smaller than it is represented to 
be in Mr. Bourje^s figure for Amsterdam. Venus was visible to the naked 
«ye. 
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Observation at Utrecht. 
Latitude 52° 5' 14". Longitude 20' 37" in time,, East from Greenwich. 

The observatory is furnished with astronomical clocks, quadrants, sextants, 
transits, reflectors, and achromatic telescopes. In my absence, Professor 
Schroder, Dr. Van Rees, and Dr. Schroder observed the eclipse. 

Beginning of the eclipse . . 12 h 48' 50" "1 

The eclipse was annular . . 2 16 > Mean time. 

The end of the eclipse 3 37 48 ,2J 

The thermometer, which stood at 68° at the commencement, sunk to 64° at the 
greatest obscuration. 

Observation at Groningen. 
Latitude 53° 13' 13". Longitude 26' 17" in time, East from Greenwich. 

Professor Uilkens and Mr. Beertaa do not mention what means they made 
use of to ascertain their time. I consider this observation very doubtful. 

Commencement of the eclipse (fi 51' "\ 

Middle of do. 2 17 30" \ Apparent time. 

End of 4o. 3 37 30 J 

The wind N. N. E. 

The altitudes of the barometer and thermometer were as follow : 



Time. 


Therm. Fah. 


Barometer. 
Rhinl d Inches. 


7* A. M. 


56° 


29* 2 l ,75 


12 


66 


29 3,25 


1 P.M. 


67 


29 4 


2 20* 


62 


29 4 


3 41 


62 


29 3,5 



Observation at Burgst, near Breda. 
Latitude of Breda 51° 35' 23". Longitude 19' 6" in time, E. from Greenwich. 

Mr. Nahuys had several watches set right at noon, according to a meri- 
dian line, which he represents to be drawn with very great accuracy. 
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Commencement of the eclipse . 0 h 49* 54" ") 

The end 3 38 [Apparent time. 

Greatest obscuration 11-^ digits. 
Shortest distance of the cusps 6| digits. 

The appearance of the sun at its greatest obscuration was very nearly as is 
represented in Mr. Bourje's figure for Amsterdam. Venus was visible to 
the naked eye till half an hour after the greatest obscuration 



Observation at Middelburg. 
Latitude 51° 3ff 6". Longitude 14' 30" East from Greenwich. * 

It appears that neither Mr. Bourje nor Dm Kanter was furnished with 
means of ascertaining the time of their clock any other way than by an accu- 
rately drawn meridian line. According to this their clock was set. An 
achromatic telescope was put in the shutter of a dark room; there was an 
apparatus to make the telescope follow the sun's motion. The sun's image, 
as formed by the telescope, was received on a white screen. * ' 

Commencement of the eclipse . 0 h 39* 20"*) 

™ e end • 3 32 15 ^Apparent time. 

The greatest obscuration . . . 2 9 30 J 

The eclipse of course was not annular at Middelburg. At the time of the 
greatest obscuration, the blue of the sky was tinged with a strange darkish 
hue^ Venus visible to the naked eye. The means of ascertaining the time 
both at Breda and Middelburg being rather coarse, no great accuracy can be 
expected from these observations. 

These are the observations in Holland, of which accounts came to my 
Knowledge. I do not mean any further comments on their comparative value ; 
but 1 cannot abstain from mentioning, that I think those of Mr. Keyser par- 
ticularly worthy of notice. 

Calculations made after the Observation. 
Mr. Nieuwenhuis, by his graphic construction, found the eclipse annular 
»t Amsterdam. Mr. Boorje, computing by Mr. De Ranter's tables, found 
• wo< annular at Amsterdam. By actual observation it was proved annular at 
Amsterdam and lUtreeht, not annular at Miadelburg, Leyden and Breda. 
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Thus was confirmed, what Mr. Baily says in his memoir, that some uncer- 
tainty may exist with respect to those tovms.which are situated near the borders 
of the umbra. Mr. Nieuwenhuis being dead, we only know his projection, 
but not how he made it. Mr. De Kanter, soon after the eclipse was over, 
calculated its circumstances again for Amsterdam, not by his own tables, as 
did Mr. Bourje before, but by the method of the nonagesimus ; taking the 
elements from the Connoissance des Terns. According to this computation, 
the shortest distance of the centres of the sun and moon happened at 2 h 16'. 
This shortest distance, neglecting the earth's complanation, was 1' 10",4: 



.but, employing the earth's complanation, 1' 12",9. 

The sun's semidiameter was ...... 15' 54",8 

Moon's horizontal diameter . . . . . . 14 41 ,1 

Augmentation for 36° altitude 8 ,2 

Apparent semidiameter of the moon . . . 14 49 ,3 
Distance of the centres of sun and moon, neg- 
lecting the complanation 1 10 ,4 

15 59,7 

Sun's semidiameter . . . 15 54 ,8 

Excess * 5 ,1 

Thus the eclipse was not to be annular at Amsterdam. And, accounting for 
the complanation, 

Apparent semidiameter of the moon ... 14' 49",3 
Shortest distance of the centres 1 12 ,9 

16 2,2 

Sun's semidiameter 15 54 ,8 

7,4 



Thus, taking the complanation in consideration, the eclipse is not found an- 
nular for Amsterdam, contrary to what was observed. 

Mr. T. M. C. Van Utenhove, Member of the States General of the Royal 
Institute, went through the same computation, following another method, era- 
ploying Dr. Olbers's formula, in Bode's Astronom. Jahrbuch 1808, page 196, 
and computing directly from Burckhardt's lunar tables. Thus the shortest 
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distance of the centres was found 1' 9",7. Accordingly there were (employ- 
ing the complanation) 4",1 wanted to close the ring on the superior part of the 
moon : and (neglecting the complanation) there was, according to Mr. Van 
Utenhoven, one-fourth of a second wanting to close the ring. 

Thus it appears that, computing from the best tables, the eclipse is not 
found annular at Amsterdam, whilst observation proved it to be so. This is 
however nothing but what might have been anticipated, from what has been 
observed long ago. The diameter of the sun in former eclipses appears some- 
what too large ; that of the moon too small. The cause of this phenomenon, 
and its extent, seems not perfectly ascertained, but its reality appears con- 
firmed by this eclipse. Astronomers dispute, says Lalande (in Connoissance 
des Terns pour Van on the diameters of the sun and moon in eclipses. 
They agree, it is true, that the sun appears too large, and the moon too small; 
but they dissent as to the quantity of this difference. Dus£jour subtracted 7" 
from the moon's diameter ; Lemonnier wished still to augment this diminution : 
Lalande himself, from the observation of the eclipse of 1791, which was annu- 
lar in North America, and of 1793, which was annular in Norway and part 
of Germany, concludes that this diminution is much less. According to what 
was observed and calculated, somewhat more than 4" ought to be deducted 
from the moon's diameter, or added to that of the sun, to have it annular 
at Amsterdam. The same occurrence which took place at Amsterdam, hap- 
pened at Strasburg. Mr. Littrow, Director of the Imperial Observatory at 
Vienna, computing from Burckhardt's lunar tables, found the eclipse of the 
7th September not annular in Strasburg; but Messrs. Kramp and Walz found 
it was annular. Observation proved it to be annular, and thus confirmed 
Messrs. Kramp's and Walz's result. Vide Zeitschrift fur Astronomie, Sep- 
tember and October 1818 ; Annates de Mathimatiques, May and October 
1818, and September 1820. See also Lalande's Astronomy, sect. 1991, 
Delambre's Astronomy, vol. ii. chap. 26, sect 197. 

If the Astronomical Society finds this communication worthy of their appro- 
bation, I will with pleasure furnish them with such information as they might 
wish, and I may be able to collect, as to continental astronomy. 



Utrecht, January 12, 1821. 



I am very respectfully yours, 

G. Moll. 



x 

i 
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**** « • • * * W H " 5C ""- B * ? '' ^ 
from M. Nicollet of Paris. 

Read April 13, 1821. 



are, , < 

T HAVE nerused with great satisfaction the regulations of the Astronomical 
J ♦ f Cdon Instituted for the promotion of astronomy, It wdl become 
S0 ^l S iTX^e o'f encouragement and emulation to every 
« ? SbEtf contributing to its advancement. The appeal you make to 
one capable ot con 6 interesting to science, is the 

astronomers, who ^^^T^ t0 you t0 communicate the ele- 
reason, Sir, that I lake the ^ f / ^ of January 

; e Itvadons made by Messrs. Bouvard, Akaoo and myself from the 21*o 
tnuarv to the 1st of March inclusive. They verify the observes with as 
greTt a degree of exactness as can be hoped from a first approximation. 

h Perihelion passage, Mar. 21, 1821 . 9" W 7" in the evening, mean 
Jreuuc . _ noQlllS time at Pans. 

Perihelion distance . . . = 

Longitude of the ascending node = 48 SA is 
Long, of theperihel. on the orbit = 239 18 37 
Inclination of the orbit = 74 10 53 

Heliocentric Motion, retrograde. 

The geocentric motion of the comet was very slow, and nearly unifo^U 
is no fonger visible in the evening; but, by reason of the small penhelon 
distance, "he motion accelerates, and it will soon become visible again ,n the 
morning before sun-rise, when we may observe it again, and perfect th fore 
going lements. Should my results prove of any interest to the Astronomical 
lociety, I shall be highly gratified, Sir, by opportunities of giving further 
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proofs of myzeal and ardour in the cause of science, by addressing to it any 
future ones my labours may produce. 

********* 
Accept, Sir, the offer I venture to make you, of every service in my power 
to render either to the Astronomical Society, or to yourself in particular, and 
believe me, 

With respect and high consideration, 

Your very humble and obedient Servant, 

Royal Observatory, NlCOLLET. 
Parii, March 17, 1821, 



x2 

/ 
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XII. On the Comet discovered in the Constellation Pegasus in 1821 : and 
on the luminous appearance observed on the dark side of the Moon on 
February 5, 1831. Communicated in a Letter to J. F. W. Herschel, Esq., 
Foreign Secretary, from Dr. Olbers of Bremen. 

Read April 13, 1831. 



My dear Sir, 

I LEARNT with great satisfaction from your obliging letter of the 9th of 
February, that the highly respectable Astronomical Society of London has 
honoured me with admission, on the 13th of January, as one of its Foreign 
Associates. I consider myself as greatly honoured by this distinction, so far 
beyond my merits ; and request you will communicate to the society my sin- 
cere thanks, with the assurance that I will do all my slender powers will enable 
me in furtherance of their objects. 

On the 30th of January of the present year, about 7 o'clock in the evening, 
I observed a small comet near the star y Pegasi*, not knowing that the same 
had been discovered on the 31st of January by M. Nicollet in Paris, and on 
the same day by M. Pons in la Marlia. I annex my observations of this 
comet up to the present time. 



* Note by the Foreign Secretary. — I observed this comet on February 27, 1821, at Slough. 
My observation stands as follows : 

" Observed the comet. — I found it easily in the night-glass near y Pegasi, about four-fifths 
the field of the night-glass from the star, and almost exactly preceding it. At this time it was not 
visible to the naked eye, and y could barely be seen. When grown somewhat darker, I set the 
seven- and ten.feet reflectors on it: in neither could any central star-like point be seen. (In the 
comet of 1819 I distinctly saw such an appearance, and pointed it out to some friends, who cor- 
roborated the fact.) It appeared a mere misty mass, but it was not above 8°, or at most 10° high. 
The tail was pretty considerable ; it filled half the field of the night-glass, or about 2J°. I ima- 
gined the tail to be somewhat less bright along its axis, but the dark space certainly was not very 
decided. The head seemed rather obtuse, and appeared, I thought, to have lateral portions of 
light, which seemed to go off at a greater angle than the tail." 
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1821. 


Mean time 
at Bremen. 


Apparent 


in Arc. 


North D. 


Jan. 30 


7 17 5l" 


• o in 

359 27 4 


° i a 
16 5 1 




8 29 3 


26 24 


4 24 


Feb. 2 


7 40 50 


8 45 


15 50 14 


5 


7 11 50 


358 54 3 


37 56: 


7 


6 50 6 


44 41 


28 55: 


8 


7 2 15 


40 24 


24 55 


9 


6 54 52 


36 16 


21 20 


10 


7 9 3 


32 24 


17 34 


11 


7 16 21 


28 21 


14 18 


12 


7 7 32 


24 49 


10 55 


13 


/ «3 «3U 


20 59 


7 58: 


14 


7 27 44 


17 23 


4 31 


19 


6 49 20 


357 59 48 


14 48 10 


March 1 


7 5 2 


18 28 


8 48 


5 


6 58 39 


356 54 7 


13 42 53 


6 


6 56 20 


46 33 


34 21 



The following determinations of the path of this comet have been trans- 
mitted to me : they approach very near to each other, though the elements will 
require some corrections when applied to the ensemble of the observations. 



1821. 


Prof. Encke 
of Seeberg. 


Prof. Nicolai 
of Manheim. 


H. Von Staudt 
of Gottingen. 


| Mean time at the place. 1 


Time of the perihelion passage 
Longitude of the perihelion 
Log. perihelion distance . . 
Longitude of a .... . 
Inclination . . . . 


March 21.405 
239° 20' 45" 
8.95966 
48° 34' 37" 
74 5 0 


March 21.6016 
239° 34' 5" 
8.96466 
48° 43' 34" 
73 23 15 


March 21.6026 
239° 36' 0" 
8.9641627 
48* 45' 44" 
73 16 33 



Motion retrograde. 



On the 5th of February 1821., I observed the remarkable luminous appear- 
ance on the dark part of the moon ; respecting which, Captain Kater (as the 
newspapers inform me) has read a notice to the Royal Society. As I under- 
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stand it, Captain Kater is convinced that it was actually a volcano in a state of 
eruption. I am not in possession of the grounds on which this conviction is 
founded ; but must confess that I cannot yet bring myself to believe in the 
existence of any fiery volcanos in the moon ; and I think this highly remark- 
able phenomenon is to be satisfactorily explained in another manner, more 
consistent with what we know of the physical construction of the moon. This 
luminous appearance seemed to me to be situated in or near the spot marked 
Aristarchus. This Aristarchus (as is well known) is always enlightened by 
the earth, in the dark portion of the moon, when three or four days old ; and it 
is distinguishable from all the other spots in the moon by its brightness. But 
the luminous appearance of the 5th of February was entirely different from 
the usual appearance of Aristarchus, with which I was well acquainted ; and 
in my five-feet achromatic telescope by Dollond, was equal to a star of the 
6th magnitude. I shall ere long make public my ideas on these so called lunar 
volcanos, and shall have the honour, as soon as they are printed, to transmit 
them to you. 

I shall consider it as a duty in future to communicate to you every thing of 
any importance pertaining to astronomy, either the result of my own observa- 
tions, or which may come to my knowledge ; and shall continue to address to 
you as at present, unless I hear from you to the contrary. 



I am, with the greatest esteem and respect, 
Your obedient 



Bremen, March 11, 1821. 



William Olbers. 




XIII. On a luminous appearance seen on the dark part of the Moon in 
May 1821. Communicated in a Letter to the Ref. Dr. Pearson, from 
the Ref. M. Ward. 

Read May 11,1821. 



Dear Sir, 

I HAVE this moment laid aside my telescope from an examination of the 
moon. The atmosphere was more favourable for the purpose than I have 
observed it to be for many weeks ; and as it so happened, that at about the 
same age of the last moon, I had carefully examined the part in obscurity to- 
look for a volcano, and had not in any part observed a remarkable appear- 
ance, I was greatly surprised to find a paragraph in the public papers, giving 
a detailed account of a volcano near Aristarchus, seen on the very night I 
had satisfied myself that there was not even an appearance which could be 
mistaken for a volcano. I resumed the attempt this evening; and having 
passed the enlightened part of the moon from the field/ and carefully avoided 
looking at it, to have my eye in the best state to discover any more conspicu- 
ously illuminated spot in the unenlightened part, I soon saw Aristarchus very 
clearly, having very much the appearance of a small comet, on the moon's 
surface*. It was then half-past nine : the moon 15° high, and 40° 16' west 



* Would it not be possible for the makers of telescopic eye-pieces to introduce a half-inch* 
mother-of-pearl micrometer (such as are usually divided into 100 equal parts) across the focus 
and field of the eye-glass, when the planets are the objects under examination ? This woulcT 
answer two valuable purposes. An observer might arrange that the planet should traverse the 
field entirely within the mother-of-pearl, and thus be" enabled to prepare his eye by keeping it 
in darkness : perhaps he might thus observe a satellite of Saturn which he had never before seen ; 
or by using this method with Venus (whose light is far too brilliant to allow a satellite to be 
seen), a more certain opinion would be obtained on the subject of her having or not having one. 
It may be applied even to the light which Mars diffuses over the field. But this method of view- 
ing the planets is, I am aware, in direct contradiction to an assertion I have lately heard, that a 
very faint light is rendered visible by being near to, and perhaps within the diffusion of a superior 
one. I have not seen the arguments by which this opinion is supported, or I should not perhaps 
have suggested tliis mode of searching for satellites. The other use of the micrometer alluded to 
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of the sun, I could perceive the shape to be extended towards Grimaldus, 
appearing in diameter equal to one of Jupiter's moons. I continued observ- 
ing it till the moon was about IF only high ; when it extended itself to right 
and left horizontally, and became so very faint for the ast degree as to be 
scarcely distinguishable: and having observed the occulta*™ of a fixed star 
very near to it at three minutes before ten I discontinued all further attent on 
to it The star at the instant before its occultation, from the then state , of the 
atmosphere, appeared of about equal magnitude to, but far better defined than 
Aristarchus did at its most perfect appearance. My telescope magnifies about 
80 times The star which was occulted was 136 Tauri: and came in con- 
tact with the limb of the moon, as nearly as I could ascertain at the advancing 
pole of libration ; and the instant of occultation was at 10" 5 bo ,y F. M., 
Greenwich time, estimating Tamworth 6' 40",8 in time west of Greenwich. 

I had written thus far, when I recollected that, as the following day was 
not a post-day, I could not call your attention to it, and that I should lose 
nothing in point of time by observing the moon on the Saturday night; but 
it proved cloudy*. 

Sunday night, a quarter before ten.— I have again examined the appearance 
and find it about as distinct as it was about ten minutes before I discontmued 
observing on the night of the 4th. The spot is certainly Aristarchus ; but it 
is now much more difficult to observe on account of the moon throwing much 
more light down the tube of the telescope, and the luminous advancing edge 
being much nearer the spot, and my telescope having a large aperture : but 
I should imagine, if my 43-inch tube were inclosed in one which projected 
five or six feet beyond the object-glass, that the spot might be seen one night 
at least longer. When I first examined on the 4th the proportion of light 
thrown on the moon by the earth, and consequently on Aristarchus, was 1.777 
out of 2000; to-night it was only 1.423, a diminution of .355 ; consequently 
exactly one-fifth less light is reflected by the spot, to say nothing of the incon- 
venience arising from the addition of one-fifth to the light of the moon. He- 

is that, as Saturn moves 5 seconds in an hour, the micrometer would measure any separation of 
aplanet from every star supposed to be a satellite ; and thus, after a few hours' motion of Saturn, 
put the inquiry beyond doubt. — M.W. 

* Note by one of the Secretaries.— On the night here alluded to, when this phenomenon was 
invisible at Tamworth, on account of the clouds, it was distinctly seen by me in the neighbour- 
hood of London, through a 3J feet refracting telescope. Its appearance was nearly similar to 
that described by Mr. Wabd.-^-F. Baily. 
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velius describes Aristarchus under the name Mons Porphyrites, as aut ex 
rape rubrd, aut sabulo (this, by the by, is impossible ; for the moon's attraction 
of gravity to its centre would not admit of a cavity of sand (loose sand) similar 
to Aristarchus) sice terrd rubicundd constare, autprorsus ardere, siveperpetuo 
igne exundare. Its colour must therefore have greatly changed since 1644, 
for it is singularly white when illustrated by the sun; and when the other parts 
of the moon are yellow, or faintly red, this preserves its predominant white- 
ness ; and its appearance on the 4th and 6th instants was similar to the light 
of the glow-worm. Could any light, such as we read is occasionally seen on 
the mountains of Asia Minor, or the phosphoric fire near Derbend, be pecu- 
liar to this cavity of the moon ? and if so, has it changed, and does it change 
the colour of its flame ? 

Your polite attention to me when in town has occasioned my taking the 
liberty of troubling you with these hasty observations, which I would have put 
into a more regular form, but I am going to the philosophical lectures at Bir- 
mingham this evening ; and, in order to save this day's post, I must now con- 
clude with begging you to accept my esteem and thanks. 

I am, dear Sir, 

Yours very sincerely, 

Tamworth, May 4, 1821. MlCHAEL WARD. 



Y 
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XIV. On the Occupations of Fixed Stars by the Moon : on the Repeating 
Circle: on the Perturbations, #c. of the new Planets : and Observations 
of the late Comet and of the Planet Vesta. Communicated in a Letter to 
the Rev. T. Catton, F.R.S., from Professor Littrow of Vienna. 

Read June 8, 1821. 



Sir, 

YOU mention in your letter to M . Carrighan that you observed, on the 
6th of February, the immersion of % Piscium at St. John's College, and that 
Mr. South likewise observed it at his observatory. It is with much pleasure 
that I communicate to you my corresponding observation of the same immer- 
sion made at the observatory at Vienna. 

Immersion of S Piscium at 7 h 29' 2" mean time*. 

On the same day I observed the immersion of another star of the 6th magni- 
tude at 7 h 5' 8" mean time. 

The right ascension of this second star is 9° 45', and the declination 6° 2C 
north. The month of February, and the latter part of January of this year 
were very favourable for this species of observations, which are of so much use 
both to geography and navigation ; and as they derive the greatest part of 
their value from being simultaneously observed, I flatter myself that I may be 
of some service by communicating to you the other observations which I have 
received, and to which you will doubtless find corresponding ones in England. 
They will be more important from the circumstance of the longitude of my 
observatory being well established ; it being 0 h 56' 10" from the Royal Obser- 
vatory of Paris. 



* Note by one of the Secretaries. — This occupation of £ Piscium was also observed by me, 
at Gray's-Inn, at 6 h 14' 30" mean time at the place. The other star, here alluded to, is proba- 
bly 62 Piscium.— F. Baily. 



♦ 
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1821. 


Star. 


Mean time 
at Vienna. 




Jan, 12 




13 36 18*4 


Immersion. 




CM = 43° 29' ") 
Anon. J > 
1 D = 20 46 J 


14 ^ An 

At* »5 ^jU 




13 




5 3 11,3 
5 30 16,0 









5 51 9,7 









5 54 41,3 









5 55 20,4 








6 9 50,9 4 





20 


47 /3 Leonis . ^ 


18 3 22,2 

19 12 31,2 




Emersion. 


Feb. 5 


988 Piscium .... 


6 22 14,7 


Immersion. 


8 


CM = 37° 8' ") 
Anon. < > 
1 D = 18 57 J 


8 20 21,8 







^4 #/. A T*l of 1 c 


1U 13 26,3 








10 40 59,9 




9 


f M = 50° 22' ") 
Anon. < _ > 
1 D as 23 2 J 


6 0 3,3 




10 


("At = 66 51 ") 
Anon. < ^ > 
t D = 26 34 J 


9 55 20,0 





It was extremely interesting to me to observe by your letter, that Mr. Trough- 
ton, whose opinion is of such great weight, is against the repeating circle ; 
and I should be glad, at any expense, to procure his memoir whicft was read at 
the meeting of the Astronomical Society. The idea of T. Mayer, who first 
produced instruments of multiplication, is without doubt excellent in theory ; 
but there are many things good in theory* which are bad, or at least difficultly 
applicable to practice. Since I have had occasion to use these instruments, I 
became of Mr. Troughton's opinion. Several times I have proposed to myself 
to combat this abuse, which throws us back; but these ideas are so invete- 
rately rooted in Germany, that I feared too much resistance, notwithstanding 
aU the experience and the facts I could cite on the subject. It is a kind of 
malady which has got possession of all my countrymen : and I believe that the 

y2 
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memoir of Mr. Troughton (which I would willingly translate into German) is 

the onlv medicine that can cure it* 

M Gauss, of Gottingen, whom you know by his Disquisitumes Anthmetwa;, 
and bv his Theorm Motus Corp. CU, two excellent and classical works, has 
occupld himself during several years with the perturbations of the four new 
planets For this purpose he has given a new and direct method : and the 
other solutions of this problem of the three bodies, given by Euler, Lagrange 
and Laplace, were indirect; or at least approximations, as they employed 
infinite series more or less convergent. 

One principal result of this immense labour of M. Gauss is a ".ore exact de- 
termination of the mass of those planets which exert a sensible influence on 
these asteroids. Of these masses, that of Jupiter was supposed best known. 
But M. Gauss shows clearly that the mass of Jupiter, given by Laplace is 
wrong; by more than a tenth part. The perturbations of Pallas, produced by 
Jupiter, amount to several degrees; and consequently afford a very certain 
means of determining the mass of the latter. This change in the mass of the 
principal planet of our system is doubtless of great consequence, and the pla- 
netary tables will soon feel its effects. It is to be regretted that M. Gauss 
withholds his labour so long from the public. 

The comet, discovered by M. Pons at the observatory of Marlia, was ob- 
served by me by means of a circular micrometer, as under : 



1821. 


Mean time 
at Vienna. 


AX. 


D. North. 


Feb. 9 


h / n 
6 52 38 


o / // 

358 36 7 


O 1 H 

15 22 47 


10 


6 41 9 


32 40 




11 


7 9 28 


28 46 


15 15 14 


12 


6 28 54 


25 7 


15 11 49 


13 


6 43 4 


21 18 




14 


6 54 14 


18 3 


15 3 46 


15 


6 51 53 


14 0 


15 0 24 


16 


6 52 23 


10 30 


14 57 15 


17 


6 52 33 


7 10 


14 54 8 


20 


7 20 2 


357 57 45 


14 45 18 


21 


7 17 42 


53 6 


14 41 59 


26 


7 19 36 


33 24 
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I have received some good observations of the opposition of the planet Vesta, 
which are so much the more valuable, as I understand it has been totally neg- 
lected at several observatories. 



1821. 


Mean time 
at Vienna. 


JR. 


D. North. 


Jan. 


2 


h / 

13 5 


// 

6,6 


o 

118 


4 

33 


it 

42,7 






12 


12 15 


17,0 


115 


55 


42,4 


23 24 34,7 




13 


12 10 


15,3 


115 


39 


10,0 


23 29 34,2 




15 


12 0 


11,7 


115 


6 


9,6 


23 40 58,6 




19 












24 2 26,9 




21 












24 12 17,0 




26 


11 5 


10,0 


112 


8 


49,2 


24 37 14,5 




28 


10 55 


18,9 


111 


39 


6,6 




Feb. 


3 


10 26 


12,5 


110 


16 


9,4 


25 10 22,7 




6 


10 11 


58,2 


109 


39 


24,4 






7 


10 7 


16,6 


109 


27 


38,0 






9 


9 57 


59,0 


109 


6 


28,3 





To the books I have mentioned, I add a trifle of my own on the late solar 
eclipse. In two months I shall have finished a work more worthy of your at- 
tention, and which I shall have the honour of presenting to the society. 

Vienna, March 18, 1821. (Signed) LlTTROW. 
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XV. On the places of 145 new Double Stars. By Sir William Herschel, 

President of this Society. 

Read June 8, 1821. 



An account of the places of 145 new double stars, which were intended to 
be arranged like those of my two catalogues printed in the Philosophical 
Transactions, as soon as the four particulars of their comparative magnitudes 
and colour, mutual distance and angle of position could be ascertained. Some 
of the places of these double stars are taken from a first and second review of 
the stars with my seven-feet Newtonian telescope ; the former being made 
with a magnifying power of 227, the latter with 460. Some of these double 
stars are also collected from a review of the ecliptic with a very high magni- 
fier. The rest are taken from my sweeps of the heavens, with the twenty-feet 
telescope, and a power of 157. 

The places of the double stars will be found sufficiently accurate for finding 
them, as these objects, by their singular appearance, wiH be easily discovered 
in a field of view of a large diameter. It should be mentioned, that 15 of 
these objects were communicated to the late Rev. Mr. Francis Wollaston, 
and inserted by him in his catalogue, distinguished by (M. S.). 

It will be seen, by my observations of these double stars, that few of them 
contain more than one or two of the required particulars, and that the distance 
and position of the two stars when given, are only in terms of general estima- 
tions : so that any lover of astronomy, furnished with a proper telescope and 
micrometers, who wishes to undertake the work of completing these obser- 
vations, will find sufficient employment in this interesting pursuit. If this 
should be the. case, it will be an apology for my laying the following observa- 
tions, in their imperfect state, before this Astronomical Society. 

William Herschel. 

Slough, near Windsor, 
February 1, 1821. 
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Observations of the new Double Stars. 

,(1.) 125 Sweep, Jan. 24, 1784. A very pretty treble 
star, making an equilateral triangle, all equal and w. 3d class 
far, or 4th near. 93 (t) Virginia f. . . . n. 0° 5', r. a. 14 h 4' ±", * * 
p. d. 87° 24'. 

(2.) 162 Sw. March 11, 1784. A double star preceding the head of Mono- 
ceros, not in FL, a very considerable star. 15 Monocerotis p. 10' 30", n. 1° 12^ 
R.A.6 h 18'43", p.d. 78°43 / . 

682 Sw. Jan. 11, 1787. Double. 75 (1) Orionis I 14' 3", n. 1°2#, 
E.A.6 h 19' 22", p.d. 78° 35'. 

(3.) 183 Sw. March 21, 1784. A very pretty treble star, making an iso- 
sceles triangle, the vertex preceding, and the base in the same meridian. All 
equal stars w. of the 4th class, near I suppose. 48 Serpentis f. 2(K 1 5" n. 0° 19", 
r.a. 16* 9? (T, p.d. 72° 28'. 

(4.) 210 Sw. May 9, 1784. About 18* south of 51 (£) Libra double 3d 
class far. 

(5.) 218 Sw. May 16, 1784. Suspected an extended ne- 
bulosity between two stars, but 240 showed two double stars, ** 
making a parallelogram without nebulosity. 58 (s) Herculis ** 
f. 22* 42", n. 1° 2(X, r. a. I7 h 15' 16", p. d. 57° 27'. 

(6.) 236 Sw. July 12, 1784. Between three nebulae (10, 11, 12/ V class) 
is a double star of the 2d or 3d class. 5 (i) Sagittarii f. 2' 42", n. 0° 49", 
r.a. 17 h 49*39", p.d. 113° 27'. 

(7.) 236 Sw. July 12, 1784. A very close treble star, making a triangle, 
whose vertex is following. 16 (J/) Capricorni p. IT 48", s. 0° 25', r. a. 20 h 21' 
28", p.d. 116° 26'. 

(8.) 240 Sw. July 18, 1784. A double star 33 : : Vulpecnlte f. 11' 18", 
n. 0° 8', r. a. 20* 59' 53', p.d. 68° 22*. 

301 Sw. Oct. 20, 1784. Double, equal, 4th class near. 33 Vulpecula 
f 12* 18", n. OP 7', r.a. 21 h Of 52", p.d. 68° 2S 7 . 

963 Sw. Oct. 3, 1790. Double 4th class, equal, both considerably 
large. 33 VulpecuUe f. 12* 21", n. 0° 3', r.a, 21 h 1' 12", p.d. 68° 26'. 

(9.) 243 Sw. July 22, 1784. 5 Aquike, treble, the 3d excessively small. 
Position following the other two, the line bending a little towards the south. 
Distance almost the same from the 2d, as the 2d from the 1st. 
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Review, August 5, 1796. 5 Aquila, treble. Distance of, the largest 
and next to it 0 rev. 34.5 parts + 4ft for zero^ 11",9. 
Position 3 rev. -61.3 parts + 1.1 for zero = 31 37 A 
considerably unequal. The 3d and 3d very unequal. The 
1st and 3d extremely unequal, s. f. The 3d is more s. f. 
still, and requires some attention to be seen. Lw. S. dr. 
3d very obscure ; 460 shows it better than a lower power. 

(10.) 347 Sw. August 10, 1784. Double, 3d class. 19 Capricorm p. 6 
W s 0° 14' r a 20 h 36' 7", p. d. 108° b&. 

' .' 40 feet Journal, 1st Sw. eclip. Sept. 31, 1791. Double 19 Capricorm 
p. 6' 30". s. 0° 15', r. a. 30* 36' 31", p. d. 108° 57". 

Rev of eclip. Oct. 18, 1793. Double, a little unequal, 3d or 4th class. 
Position p. It is the preceding of two pretty L. stars ; they are near 3 degrees 
following 15 („) in a line parallel to 12 (o) and 43 (*) Capricorm. 

Rev Oct 13,1801. Double, the preceding of 2 p. L. stars, about tne 
middle between 13 (•) and 6 Capricorni. 3d class, a little unequal. The 
preceding is the smallest. 

(11.) 358 Sw. Sept. 6, 1784. Double 3d class near, 7 m., both teken to- 
gether in time and number. 64 Pegasi p. 1* 18", n. 1° 9, a. A. 23- 57' %. 

P ' (12.) 264 Sw. Sept. 10, 1784. Double. 20 Arietis f. 14' 36", a. 0 e 3ff, 
r a 2 h 17' 56", p. d. 65° 44'. 

(13.) 269 Sw. Sept. 13, 1784. Double. 21 (,) Cygni p. IV 12", n. V 7, 
a. a. 19" 37' 55", p. d. 54° 22-. 

(14.) 275 Sw. Sept. 16, 1784. Two large stars, the time and number 
taken between them ; the second is double. 5 Pegasi f. 16' 6", n. 0 s \9, 
r. a. 21" 43" 41", p. d. 71° 19'. 

(15.) 279 Sw. Sept. 20, 1784. Double. 63 (%) Aquaru f. 19" 18", n. 0° 57, 

r. a. 22* 45' 52". p. D- 94° 34'. 

(16.) 313 Sw. Nov. 12, 1784. 57 (m) Pegasi double. Position about W 
or 30° sp. L.r. S.b., considerably unequal, 4th class. . 

(17 ) 316 Sw Nov. 16, 1784. A double star of the 3d class. 65 (1st k) 
Tauri p. 16' 35", n. 0° 45', r. a. 3" 55' 52", p. d. 67° 28'. 

(18.) 312 Sw. Nov. 17, 1784. Double 2d class, near: sp. perhaps 1 ; a 
large star, followed by two more. 11 Eridani f. 15' 0" n. . ., R. a. 3 h 8* 41 . : : 
p.d. U3P3&: : „ . 

(19.) 326 Sw. Nov. 20, 1784. Double 2d class, both L. 11 (e) 
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p. 2^23", s. 0° 43^ r. a. 7 h 25' 12", p. d. 113° 1'. Is n yfrgws in Puppi, L. c. 
656. 

(20.) 326 Sw. Nov. 20, 1784. 6 m. double, 6th class. Position directly 
preceding, considerably unequal. VoNavis f. V*3%3', n. 1°2T, r.a. 9 h 30'22 / , 
p.d. WW 3%. 

(21.) 340 Sw. Dec. 13, 1784. 17 (lst e ) Ononis. Double, 2d class. Po- 
sition n. f. unequal. 

Rev. Jan. 17, 1809. Distance between 3 and 4 diameters of L. A 
pretty object. 

(22.) 353 Sw. Jan. 6, 1785. Double, 3d class, equal; position nearly in 
the meridian, 8. 8 m. 87 (c) Leonis f. 47' 38", s. (f 59', r.a. 12 h 6' 57", 
p. b. 92° 48'. 

674 Sw. Dec. 29, 1786. Double, of the 4th class, near, equal, nearly 
in the meridian ; but the most south is the preceding. Position about 82°, 
8. 8m. 29 (v) Virginis p. 23' 41", s. 2° 29^ r. a. 12 h 7 13", p. d. 92° 46'. 

Rev. of eclip. March 14, 1793. Double, 4th class, 3§ degrees south 
of 15 (»j) Virginis ; a large star. 

(2&) 360 Sw. Jan. 29, 1785. Double, equal 8. 8 m., nearly in the me- 
ridian ; 3d class near, or 9. 9m. 42 (ip) Tauri p. 26' 12", ». & 2(X, r. a. 3* 
27' 25", p. d. 61° 56'. 

(24.) 362 Sw. Jan. 31, 1785. 39 (A) Eridani has a very small star to the 
south. 2d class very near. Position in the meridian. 

Rev. Jan. 17, 1809. Extremely unequal. I see it best with the dou- 
ble eye-piece. Very unequal will be more proper. With 
240 it will not bear light enough to see the wires : it is, ft ^ 
however, about 85° sp. With 160 the distance is about 
between 2 and 3 diameters of L. 

(25.) 368 Sw. Feb. 7, 1785. Double, nearly equal, both w. about 9m. 3d class 
far. Position nearly in the parallel. 6 (3d b) Hydra and Crat. p. 49' 7", 
n. 1° 53', r. a. 9 h 53' 51", p. d. 107° 5'. (Is 40 Felis of Bode's Cat.) 

(26.) 379 Sw. March 5, 1785. 7.6 m. has a star about 8.9 m. following 
6th class. 20 Sextantis f. 65' 29", n. (f 18', r. a. ll h 8' 23", p.d 96° V. 

(27.) 380 Sw. March 5, 1785. 72 (1st L) Virginis, double, extremely un- 
equal. Position about 30* n. f. 4th class near. L. w\ S. r. 



913 Sw. March 20, 1789. 72 (1st L) Virginis, double. 
(28.) 388 Sw. March 10, 1785. Double, very unequal ; 3d class. 24 Li- 
bra p. 15' 2", s. 1° 28*, r.a. 14* 45' 0", p.d. 110° 26'. 
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(28 ) 1008 Sw. May 25, 1791. Double, considerably unequal. Position 
sp. but near the parallel ; 3d class, 7.8m. Mayer's 575 z. f. 22- 10", s. 0« 58-, 
r. a. 14" 45' 17", p. d. 110° 28'. 

m \ 385 Sw. March 12, 1785. 7 m. has a very small star just preceding, 
about 4th or 5th class. 72 (*) Cancri f. 25' 36", s. 1° 5', r.a. 9" 20' 39", 
p D 60° 34'. (Is 29 Leonis of Bode's Cat.) 
' (30 ) 386 Sw. March 13, 1785. A very small and close double star (with 
240) • the sweeping power made me suspect it to be nebulous. 72 (t) Cancri 
f 1' 6", n. 1° 15', r.a. 8" 57' 3", p.d 58° Iff. 

(31 ) 393 Sw April 6, 1785. Double, equal, 3d class, nearly in the same 
parallel. 12 (e) Coma Ber. p. 1' 54", n. 1° 12", r.a. 12" V 47", 

(32.) 405 Sw. May 1, 1785. Double, 4th or 5th class. 7 (£) Corona 
f 7' 6", s. 0° 13', r.a. 15" 38' 36", p.d. 58° 52'. 

(33 ) 411 Sw. May 28, 1785. Double, 4th class near, equal. 50 Libra: 
p. 22- 8", s. 0° 17', r. a. 15" 27' 9", p. d. 98° 5'. 

Rev. May 22, 1797. My double star of 41 1 sweep is about 1° 40' n. f. 
37 Libra. (PI. star, observed page 45, north of 37, is in its place.) 

(34.) 430 Sw. Sept. 1, 1785. Double. 19 Piscis Austr. p. 11' 37", n. 1° 11', 
r.a. 22" 27' 47", p.d. 119° 28*. 

(35 ) 478 Sw. Nov. 27, 1785. 6 m. double, very unequal. Position . . 
following. 74 Aquaru f. 44» 16", s. 1° 30/, r. a. 23" 26' 25", p.d. 104° 16'. 

(36.) 521 Sw. Feb. 2, 1786. 35 Sextantis. Double, 3d class near. Po- 
sition south preceding. 

675 Sw. Dec. 30, 1786. 35 Sextantis, double, 3d class far, a little 
unequal. Position south preceding. 

(37.) 521 Sw. Feb. 2, 1786. Double, both 8m ; 3d class near. 64 Vtrg. 
f. 1" 42" 7", n. 0° 3, r.a. 14" W 27", p.d. 83° 41'. 

557 Sw. April 29, 1786. Double, equal, 3d class, 8.8 m. 3 Ser- 
pentis p. 11' 2", n. OP 37, r,a 14" 5^ 31", p.d 83° 40". 

(38.) 548 Sw. March 27, 1786. Double, equal 1J diameter, 7.7 m. 2* (/) 
Crateris f. 1" 2" 24", n. 0° 11', r.a. 12" 30 1 11", p.d. 101° 5C. (Is 58 Corvi 
in Bode's Cat., a star of Hev.). 

(39.) 559 Sw. April 30, 1786. Double, 3d class near, a little unequal. 
Position almost in the meridian 23 (t) Scorpii p. II' 22", s. 1° 24', r.a. 16" 
11' 11", p.d. 119° 10'. (It is Mayer's 644 z. L. c. 1366.) 

(40.) 566 Sw. May 26, 1786. A double star within neb. IV. 41. 14 Sa- 
gittarii p. 11' 58", s. 1° 15', r.a, 17" 49* 30", p.d. 113° 1'. 
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(41.) 595 Sw. Sept. 20, 1786. 53 Aquarii, double (cloudy). 

1050 Sw. Sept. 6, 1793. 53 Aquarii, double, equal; 2d class, or 3d 
class near. Position about 15° from n. p. to s. f. 

(42.) 613 Sw. Oct. 17, 1786. 13 Lacerta has an extremely small star fol- 
lowing, 3d class. 

(43.) 616 Sw. Oct. 18, 1786. 10 (x) Pegasi, double, extremfely unequal, 
the small star almost n. but a little preceding ; 3d class near I suppose. 

(44.) 619 Sw. Oct. 18, 1786. Double, equal, 3d class. 4 («) Auriga 
p. 28 0", n. 2° r, r. a. 4 h 16' 33", p.d. 50° 26'. 

Rev. Oct. 16, 1795. 1° 40 / sp. 58 (e) Persei in a line parallel to (3 
and / Auriga, double ; 3d class, equal. 

(45.) 621 Sw. Oct. 24, 1786. Double. 41 {I) Andromeda p. T 55", n.0°46', 
R .A.0 h 47 / 51", p.d.46°26'. 

Jour. Sept. 18, 1794. About 1° 45' n. p. 41 Andromeda, double, 
nearly equal, in a line parallel to 57 (y) and 42 (0) nearly ; a considerable 
star, 2d or 3d class. The southmost is the smallest. Position not far from 
the meridian ; 7 feet. 41 Andromeda p. 7' 55", n. 0° 46'. 

Rev. August 5, 1796. The double star 7 55", p. 41 Andromeda. 
Position 3 rev. +31.5 parts — 1 . 1 for zero = 74° 20^.4 sp. \ 

Considerably unequal. Distance 0 rev. 13.9 parts +2J for ' ^ 

zero=7".2 L. w. S. w. rather pretty unequal. \ 

(46.) 654 Sw. Dec. 19, 1786. Double. 69 (x) Eridani p. 0° 48', n. OP 5', 
r.a. 4* 58' 47", p.d. 98° 56'. 

Rev. Jan. 17, 1809. 69 (X) Eridani %° preceding the nearest of two. 
Considerably unequal. L. w. S. r. Position with 240 

0 rev., 27.2 parts + 2.5 for| zero = 6°.683 or 6° 41'.2. h — , * 

It is IV. 43 of my first catalogues ; X 69 is a single star. 

(47.) 692 Sw. Jan. 17, 1787. 7 m. double L. r. S. b., extremely unequal. 
14 Trianguli f. 3' 43", n. 1° 11', r.a. 2*23' 16", p.d. 53° 38'. 

(48.) 700 Sw. Feb. 13, 1787. Double. 1 Lupi p. 21' : : 43", n. OP 44', 
r.a. 14 h 39': :45", p.d. 119° 58'. 

(49.) 70* Sw. Feb. 22, 1787. 8 Sextantis 5 m. Fl. 6 m. Double, 4th or 
5th class, extremely unequal. Position n. p. 

(50.) 710 Sw. March 15, 1787. 5 Ant. Pneum, L. C. 933. Woll. Cat. 
zone 119° 10 h Double, very unequal; 2d class. Position about 4ff sp. 

(51.) 711 Sw. March 15, 1787. 4 (h) Centauri. Double, very unequal. 
Position 80° sp. ; 3d or 4th class. 
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(52.) 714 Sw, March 17, 1787. Double, very unequal : 2d class, about 
80° sp. L. r. S. b. 7 m. 6 Canum Ven. p. 5' 37", s. 1° 7', r.a. 12 h 9' 45", 
p.d. 50° 54'. 

(53.) 722 Sw. March 20, 1787. 54 (v) Ursa?, double, very unequal, 60 
or 70° s.f.; 2d class. 

(54.) 748 Sw. July 10, 1787. 7 m. Double, 3d class. Position preced- 
ing, a very little south L. w. S. d. 37 (k) Aquila p. l h 3' 46", n. 0° 7', r. a. 
18 h 19' 27", p.d, 100° 55'. 

Rev. Aug. 6, 1796. Of 748 Sw. South of 1 Aquila, double, L. w. S. d. 
very unequal. Distance 0 rev. 27.0 parts + 2.5 for zero I, / 
= I2",9. It is difficult to measure on account of the po- \j 
sition. Position 0 rev. +65.4 parts— 1.1 for zero =14° 28', 1. A 
It is the preceding of two large stars near 3° south of / V 
1 Aquila. 

(55.) 752 Sw. August 19, 1787. Double, 2d class, equal, nearly in the 
meridian. 17 (6) Sagitta f. 4' 16", n. 1° 19', r. a. 20** # 46", p. i>. 68° 25'. 

(56.) 754 Sw. Sept. 11, 1787. 41 Aquarih double, 2d class near, very 
unequal. Position s. f. 

(57.) 765 Sw. Oct. 14, 1787. Double 7.7 m. 3 Lacerta p. 3& 30", 
n. 3° 38', r. a. 21 h 44' 42", p.d. 35° 11'. 

768 Sw. Oct. 16, 1787, Double. 14 Cephei p. W 15", s. 2° 11', 
r.a. 21 h 44'22 // , p.d. 35° 11'. 

(58.) 794 Sw. Dec. 13, 1787. Double 7m., 2d class, near, equal. 25 (<r) An- 
dromeda p. 17' 42", s. 3° 7', r.a. 23* 49' 19", p.p. 57* 31'. 

981 Sw. Nov. 26, 1790. Double, 2d class, nearly equal, not far 
from the meridian. 73 Pegasi f. 24' 30", n. 0° 12', r. a. 23 h 48' 44', p. d. 57° 28', 
Journal, Sept, 18, 1794. Sp. 25 (c-) Andromeda, a pretty considerable 
star ; the largest of two. A pretty double star, 1st or 2d class, very nearly equal. 
Position not much from the meridian. 25 Andromeda p. 17' 42", s. 3° 7'. 

(59.) 806 Sw. Feb. 3, 1788. Double, unequal. 49 (*■) Hydra p. W 16", 
n. F7', r.a. 13 h 43 / 29", p.d. 114° 33'. 

(60.) 813 Sw. March 4, 1788. Double, 4th class, equal from sp. to nf. 
50 Auriga p. 2' 21", s. 1° 23', r.a. 6 h 21' 49", p.d. 48° 42'. 

(61.) 815 Sw. March 9, 1788. 20Z#wcw, double, equal, sp. to nf. 8.8m. 
4th class. 

(62.) 834 Sw. April 27, 1788. Double, equal, 4th or 5th class, nearly in 
the meridian. 37 (£) Bootis f. 21' 37", n. 0° 4', r,a. 15* % 10", p.d. 69° 57'. 
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835 Sw. April 28, 1788. Double, that to the north is a very little 
smaller, and a little following the meridian of the other. 37 (P) Bootis 
f. 21' 44", n. 0° 6*, r. a. 15" 3' 17", p.d. 69° 55'. 

1006 Sw. May 24, 1791. Double. 37 (£) Bootis f. 21' 41" n 0° 5' 
r.a. 15" 3' 23", p.d. 69° 57'. ' ' ' ' 

Rev. July 25, 1796. The most north of three that form an arch ; 
double. Position 3 rev. + 40 parts + 8.4 for zero = 78° l\ 
23',4. It is the double star following (£) Bootis of the 
834 Sweep. A little unequal. 

Rev. August 6, 1796. The most north of three, 
double. Distance 0 rev. 54.6 parts+2.5 for zero =25",0. 
A little unequal. L. r. S. dr. 

(63.) 842 Sw. May 5, 1788. Double, 5th or 6th class, equal, 7.7 m. 
Nebula observed in this sweep at 15* V 36", p. W 38" s 3° 8' k a 14* 
52' 51", p.d. 35° 23'. ' ' ' ' 

927 Sw. April 24, 1789. Double, 7.7 m. 
(64.) 872 Sw. Oct. 30, 1788. Double, of the 2d class, nearly in the pa- 
rallel. 2 Lacerta f. ^ 16", s. 1° 13', r.a. 22* 14' 30", p.d. 45° 44'. 

(65.) 880 Sw. Nov. 4, 1788. 35 Cassiopea HevelU, double, 2d class, very 
unequal. (In zone 23° ... 2" 11', &c. Woll. Cat.) 

(66.) 894 Sw. Dec. 18, 1788. 4 Camelopardalis HeveUi, double, very un- 
equal, 3d or 4th class. (Won. Cat., zone 35° . . 3* . .) 

(67.) 894 Sw. Dec. 18, 1788. I Camelopardalis, double, 3d claBS, a little 
unequal. Position n. p. 

Rev. Mar. 22, 1 795. 1st Camelopardalis, double, 
considerably unequal. Position with 164 n. p. 2 Rev. 
-26.7 parts + 3.5 for zero = 39° 46',8: 2d measure 
2rev.-26.1 parts + 3.5 for zero = 39° 54',9. 

(68.) 919 Sw. April 12, 1789. Double, pretty unequal. 64 ( y ) Ursa 
p. 38- 46", s. 0° 56', r.a. 11" 3 1 59", p. d. 36° 4'. 

(69.) 940 Sw. March 10, 1790. f. Hydra 1153 L. c. double, a little un- 
equal, 3d class, pretty near. Position about 75° sp. (Woll. Cat. zone 
H5° . . . 13" . . .) 

(TO.) 953 Sw. March 19, 1790. Double, 3d class. Position a little n. f. 
a little unequal. 76 Ursa p. 1* 13 1 7", s. 3° 5', r.a. II" 18" 12", p. d. 29° 13'. 

1039 Sw. April 9, 1793. Double, equal, 3d class, near. Position 
nearly in the parallel. 42 Ursa f.41'4", n.O°26', r.a. 11" 19'29", p.d. 29° 9'. 
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(71.) 956 Sw. May 3, 1790. Double, unequal. 9 Draconia f. l h 24' 8", 
n. 1° 4', r. a. 14* 15' 53", p.d. 21° IS'. 

(72.) 958 Sw. Sept. 7, 1790. Double, very unequal, with a third at no 
great distance preceding. 20 Cygni f. 23 / 8", n. 0° 1', r.a. 20 h 8' 29", 
p.d. 37° 31'. 

(73.) 959 Sw. Sept. 11, 1790. 50 («) Cygni, 2 m. It has a very small 
star directly following, about 1' distance. 

Rev. Jan. 17, 1809. The small star is extremely small, and in the 
10 feet with 240 will bear no illumination for seeing the wires. Its position is 
a few degrees from the parallel, on the following side. 

(74.) 970 Sw. Oct. 9, 1790. Double, very unequal, 3 or 4° n. f., 3d or 
4th class, 6 m. 5 Pegasi f. IS* 48", n. CP 27', r. a. 21 h 41' 40", p. d. 71° Iff. 

(75.) 980 Sw. Nov. 13, 1790. Double, equal, both 7 m. 26 Auriga 
f. 2' 47", s. 1° Of, r. a. 5 h 27' 59", p.d. 60° 39*. 

(76.) 983 Sw. Dec. 2, 1790. 7 m., double, extremely unequal. Position 
about 80* s. f., 2d class, very near. 65 (i) Piscium p. 16' 53", n. 0° 34', 
r.a. 0*21' 41", p.d. 62° 52*. 

(77.) 989 Sw. Dec. 28, 1790. Double, equal, 3d class. 41 Persei He- 
rein, f. 35' 50", s. 0° 3T, r. a. 4* 38' 25", p.d. 40° 51'. 

(78.) 999 Sw. March 24, 1791. Treble, the two largest equal, 3d class. 
The first star very small, north, preceding the other two ; a little further from 
the preceding of the two, than they are from each other, (r.a. By the sweep 
ll h 37' : : 23", p.d. 121° : : 1', no star in the sweep to settle its place.) 

(79.) 1000 Sw. April 2, 1791. Double, 4th class, near, equal. 14 ( T ) Ursa 
f. 2' 6", s. 1° 52', r.a. 8 h 55' 38", p.d. 27° 3(X. 

(80.; 1008 Sw. May 25, 1791. Double, equal, 7.7 m. Distance about 
I', or a little more. Mayer's 575 z. p. 9' 16", n. 0° 30', r.a. 14* Iff 51", 
p.d. 109° (X. 

(81.) 1014 Sw. May 28, 1791. Double. Position sp., extremely unequal; 
not in Woll. 20 (1st y) Corona p. ff 8", n. 0° 8', r. a. I6 h 14^ 26", p.d. 55°, 34'. 

Rev. March 20, 1795. PI. 20 (v) Corona, consists of two equal stars 
6 m. 6 m. The most north and preceding of them has a very small star on the 
preceding side. 

Rev. March 22, 1795. The preceding and the most north of the 
two stars 6 m. 6m. has its little star about 50° sp., which is also nearer to 
the star than the small one of the former double star is to its larger one. 
(See VI. 18.) 
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(82.) 1031 Sw. April 20, 1792. Double, equal, 4th or 5th class. 8 (,) Boo- 
tis f. r 24", n. (X 5 58', r. a. 13 h 52' 10", p.d. 69° 34'. 

Rev. August 6, 1796. I cannot find the double star of the 1021 sweep 
7' 24" following h Bootis. 

(83.) 1024 Sw. August 22, 1792. Double, extremely unequal. Position 
directly preceding 7m. 4 («) Sagitta p. 2' 57", s. 0° IT, r.a. 19 h . 24' 52" 
p.D.74°ir. 

Rev. Oct. 17, 1795. I cannot see the small star of the double star in 
the 1024 sweep observed at 19* 25' 33". 

Rev. August 7, 1796. I cannot see the small star of the double star 
in the 1024 sweep observed at 19 h 25' 33", with the 7-feet telescope. I see 
a very small star following 6th class, but the star I look for should be pre- 
ceding. 

(84.) 1024 Sw. August 22, 1792. Double, considerably unequal. Posi- 
tion about 25° np. baSagitta p.0°46', s. P24', r.a. 19 h 30'0 // , p.d.73°51'. 

Rev. Oct. 17, 1795. The double star observed in 1024 sweep at 
19 h 30' 37". Of the 5th or 6th class, very unequal. L. deep red : S. blueish 
or dusky. Position np. 

Rev. August 6, 1796. 1° south of 6 Sagittal. Dou- 
ble, very unequal. Position np. 2 Rev. — 59.8 parts 
+ 1. 1 for zero = 31° 47',6 L. r. S. b. 

Rev. August 7, 1796. 1° south of 6 Sagittal, ia-a 
line parallel to 5 and 4 Sagilta; a pretty small star. Distance 0 rev. 59.6 
parts +2.5 for zero=27",2. 

(85.) 1025 Sw. August 23, 1792. Double, very unequal L.r. S.b. Po- 
sition nf. 5 Vulpecuhe f. 0' 9", s. 0° 12*, r.a. 19 h 17' 16", p.d. 70° 3ff. 

(86.) 1027 Sw. Sept. 15, 1792. 8 m. Double. Neb. IV. 72, joins to it. 
34 Cygni p. 5' 10", n. OP 23', r.a. 20* 4' 53", p. d. 52° 13'. (Time not accu- 
rate.) 

(87.) 1027 Sw. Sept. 15, 1792. Double, of the 2d class, unequal. 34 Cy- 
gni f. 21' 5", n. O 3 28', r. a. 20 h 31' 8", p.d. 52? 8'. 

(88.) Rev. of eclip. Sept. 15,1792. Double (between 87 and $ 90 Aquarii). 

(89.) 1028 Sw. Sept. 16, 1792. Double, a little unequal, 4th or 5th class. 
3 Cephei Hevelu f. IS' 10", n. 0° 3', r. a. 20 h 21' 44", p. d. 33° 58'. 

(90.) Rev. of eclip. Oct. 16, 1792. Double : c is a 
the double star, and abode are about the 80 * / e f * 
Aquarii. * 
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(91 ) Rev. of eclip. Oct. 16, 1793. Double, 1st 
class, very near, a little unequal. It is a very « * 
£r/abJU degrees south of 18 * I * 

900 I saw them very well. The hue goes to 18 and ^ ^ 

17 (x&,)Piscium u o ^. eet a litfle un . 

(93.) Rev. of ec hp. Oct. 31, 17*. u , P * at 

equal less than a — ^g of Ro tate between 98 (,) and 110 
some d.stance. ^ - the p eced g ^ ^ ^ ^ ^ 

(.) Piscmm, an Vp '^ n t U tL preceding), passes a little north of 110 (o). 

am it U a star sn 110 (o) towards p, the largest of two. 

Rev Dec 9 180 . Double, 1st class, extremely close, equa It » 
star 1?S nf ' the first of two in that line. It is a very beauty object. 
Itrkfge ^inview. They are less than half a diameter asunder. Po- 
vT n W80°nf The northern star is rather the smallest. 

Rev Dec 10, 1801. The double star nf. p PM» ; as desenbed 

lif Rev of eclip. Jan. 4, 1793. Double, 3d class, a little unequal n P . 

36 (A ) Tauri 1|° in a line parallel to 54 (v) and Pleiades. 

(94 Rev Jan.8,1793. Geminorum, 6n. One double toward, 43(f)- 
( Rev March 35, 1795. Sp. I Geminorum, near 3> m a hne para M 

to 60 and 37 (0 Gemfnorwm. Double, with a third star near. About the 

^Rev. of eclip. Jan. 8, 1793. Double, 3d class, s.f 

Rev. Dec. 14, 1795. S. f. S Geminorum towards r, and about £z trom r. 
Tlnuble 3d class, a little unequal. 

(£ 1033^. March 4, 1793. L.c. 8316 m. T^ble 

very unequal, 5th or 6th class. Position about 50 or 60 degrees S.f. L.r. 
S dr. (Woll. Cat. Zone 119° . . . 9 h . . .) 

(97) 1038 Sw. AprilS, 1793. Double, considerably unequal. Position 
J 39 Vnm f. 16' 14', n. I* 43*, a. a. 10» 46' 51", p.d. 30» 0 ^ _ 
1039 Sw. April 9, 1793. Double, as described last night. 43 Utte 
f X 43" s 0» 36', r.a. 10" 47' 7", pd. 30» 1'. 

(980 1043 Sw. May 13, 1793. Double, 1st class equal- Pos, t*.* 
reedy in the meridian, 1* diameter asunder. Bootis 19 Hereto P . MX 
s.O"^, k.a.14-3'5", p.d.83°35'. 
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(99.) 1042 Sw. May 12, 1793. Double, 1st class, very unequal. Posi- 
tion directly preceding : 1 diameter of L. asunder. Bootis 19 Hevelii p 7 52" 
n. 0° 16*, r.a. 14" 6' 3", p.d. 82° 57'. 

(100.) 1047 Sw. August 25, 1793. Double, equal. Position from np to 
s. f. 2d class. 3 VulpecuUe f. 3" 47", s. 0° 46', r.a. 19" Iff 6" p d 64° 54' 

(101.) 1053 Sw. Sept. 27, 1793. Double, 3d class. Position' from np. to 
s.f., equal. 1st Piscis Austr. p. 18' 59", n. 1' 46", r.a. ^ 29' 30" p n 
121° 17'. ' • 

(103.) 1054 Sw. Sept. 28, 1793. Double, equal, 3d class. Position from 
np. to s.f. but nearer the parallel. 31 (0) Aguarii f. 12' 41" s 0° 47' » » 
32". 5' 17", p.d. 93° 56'. ' ' 

(103.) Journal, Feb. 25, 1794. £ degree south of the 1 5th Monocerotis ; 
double, a pretty considerable star, very unequal, 3d class far. 

(104.) 1058 Sw. April 19, 1794. Double, 3d class, a little unequal, a few 
degrees np. 12 (S) Hydra Crat. p. 3' 37", s. 1° 33', r. a. IP 5' 27" p d 
105° 14'. . ' ' : 

(105.) Rev. of eclip. Jan. 13, 1795. Double, the middle one of an arch, 
almost in the meridian : 2d class, unequal; the southern one is the smallest! 
It is near 2 degrees south of 19 Arietis. 

Journal, Jan. 15, 1795. Double : it is the most south but one of four 
small stars in a crooked row, which is nearly in the meridional direction, and 
it is about 1° 50* south of the 19th Arietis. 1st class, unequal. 
^(106.) Rev. of eclip. Jan. 13, 1795. Double, 3d class, the middle one of 
three in the meridian nearly, the most south of which I suppose to be 294n- 
etis ; or |° north of 29 Arietis. 

Journal, Jan. 15, 1795. Double; it is the middle one of an arch 
of three stars, that are nearly in a meridional direction, the most south of 
which is the 27 Arietis. Or it is about $ degree north of, and a little follow- 
ing, the 27 Arietis. 3d class, unequal. 

(107.) Rev. of eclip. Jan. 13, 1795. Double, very unequal, 3d class 
l°25'sp. 37 (0) Arietis. 

Journal, Jan. 15, 1795. Double, 1° 25' sp. 37 (») Arietis ; 2d class, 
very unequal. 

(108.) Rev. March 20, 1795. 2° 40" s. f. 54 (A.) Geminorum towards. 
& Cancri, double, 1st class, pretty unequal. 
(109.) Rev. Oct. 16, 1795. About 10' south of 17 ( x ) Cygni in a line pa- 

2 a 
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rallel to 58 and 21, is a very small star, which is double, 1st class, nearly 
equal ; the preceding however is the largest : 1 diameter of S. 

(110.) Rev. Oct. 16, 1795. About |° or 50' south of 17 (%) Cygni in a 
line parallel to 6 and 10. A considerable star, double, 5th class, very un- 
equal. 

(111.) Rev. Oct. 16, 1795. About 25 or 30" . nf. 
18 (y) Geminorum. A very small star, double, 5th class. 
L. r. S. d., very unequal, or rather extremely unequal. 
Position 3 rev. +20-7 for zero = 77° Iff s.f. 

(112.) Rev. Oct. 30, 1795. 1° 4ff north, following 93 Aquarii A con- 
siderable star, double, pretty unequal. The preceding is the smallest. It is 
in a line parallel to v and oo Piscium. 3d class I believe. 

(113.) Journal, Nov. 9, 1795. A small telescopic star nf. 
15 Cygni, double, 2d class, very unequal. It is about 5' or 6' 
from 15 Cygni, and its position with 15 is 4 rev. —37 parts 
-23.2 for zero = 71° 65'. 

Journal, Dec. 30, 1795. The small double star north following 
15 Cygni follows it 17",5 in time : 7-feet reflector, power 115. 

(114.) Journal, April 5, 1796. 7-feet reflector, power 460. (QBootis, 
double, 1st class. Very nearly in contact ; I can however see a small division. 
A little unequal, the preceding is the smallest. 

Rev. August 6, 1796. ^Bootis, double. Position 2 rev. 
— 14.5 parts-f 1.1 for zero=41' 59",1 n.p. With 460 a divi- 
sion is but barely visible J of S. Both w. A little, or pretty 
unequal. W 

Rev. July 12, 1807. ^Bootis. They are fine, equal, whitish stars: 
the interval between their apparent disks with 460 is £ of the diameter q£ 
either. 

(115.) Rev. July 26, 1796. 2° 50* n. p. Arcturus. Double, 2d class I 
believe. Considerably unequal. In a line parallel to e and it is a very 
small telescopic star. 

Rev. August 6, 1796. 2° 40 r n. > Arcturus. Double. 
Distance 4 diameters of L. In a line parallel to 32 and aBootis. 
Position n.f. 2 rev. + 78.2 parts - 1.1 for zero = 62? 20^9. 

(116.) Rev. August 10, 1796. About 4 degrees n.f. 23 (fl) Bootis, the 
second star in ttte line from 9 to this, double, 3d or 4th class, considerably 





Digitized by 



Google 



places of 145 new Double Stars. 



179 



unequal. Almost directly following I believe,, instead of n.f.; but the even- 
ing is bad. 

(111.) Rev. Oct. 25, 1797. The star most south of my double star VI. 
119, is double of the 1st class. Considerably unequal. Position n.f. * 
1st class. The angle is such, that a line continued and met by one * 
from the other star, so as to make an isosceles triangle, would meet 
the line of position at a little more than twice the distance of the two large 
stars. I verified it with 460, after having looked a considerable time with 
920, by way of getting the eye in order. A division can hardly be perceived. 
But the situation is so low, that certainly the greatest difficulty of seeing the 
stars arises from that cause. Both together might conveniently stand between 
the two stars of ^Aquarii, and leave a considerable interval on each side. 

(118.) 1066 Sw. Dec. 10, 1797. Double, close of the 2d class, consider- 
ably unequal. Distance 1 diameter of L. L. r. S. dr. (See 1068 Sweep.) 

1068 Sw. Dec. 12, 1797. The double star of 1066 sweep. 5 Dra- 
conis Hevelii f. 13* 54", s. 0° 23^ r. a. 12 h 24' 12", p. d. 14° 4'. 

(119.) 1076 Sw. Sept. 5, 1798. 7 m. Double, extremely unequal. Po- 
sition s.f. 52 (h«) Sagittarii p. 7' 2", s. 2° 1', r.a. 19 h 17' 34", p.d. 117° 2tX, 
1st class. (It is q. L. C. 1600. And Mayer's 786 z.) 

(120.) 1078 Sw. Sept. 13, 1798. Double, considerably unequal. The 
small star is blue, 3d or 4th class. 66 Draconis p. 12' 16", n. 2? 1(X. r.a. 19* 
50' 15", p.d. 26° 25'. 

(121.) 108 1 % Sw. Oct. 7, 1798. Double, considerably unequal, 3d or 4th 
class. Position preceding, or a few degrees sp. 16 Cephd f. 8' 30", s. 3° 0', 
R.A. 22 h 4'31", p.d. 20? 46'. 

(122.) 1082 Sw. Oct. 7, 1798. 21 Cassiopece, double, 6th class, very un- 
equal. Position s.f. 

(123.) 1089 Sw. Jan 30, 1799. .8 m. Double, a very small star. Position 
directly north. 2d class, extremely unequal. 15 (tt 1st) Cams f. 2' 1", n; 0° 5V 
r.a. 6 h 46 / 47", p.d. 109° 55'. 

(124.) 1093 Sweep, January 21, 1800. Double, 9.9 m., 2d or 3d class. 
15 (y2d) Orionis f. 9Hf 24", n. 1° 33', r.a. 5 h 20' 38", p.d. 73° 9*. 

(125.) Rev. Sept. 4, 1801. The 2d of two nf. 22 (x) Sagittarii, proba- 
bly double; or has a larger diameter. It is about 25' from * towards the 
stars 23, 24, 25. I am pretty sure it is double. 

Rev. Sept. 12, 1801. 20' nf. 22 (*) Sagittarii, fiduble, 1st ehwsj 
both very small. The smallest of 2 stars. 
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. (136.) Rev. Sept. 4, 1801. About Iff n p. 39 (•) Sagittarii, double* very 
close (It is N° 191 in Cat. of omitted stars.) 

(137.) Rev. Sept. 4, 1801. The middle one of 3 nf. « Capncorm.w dou- 

ble 2d or 3d class. 

/l28 ) Rev. Sept. 7, 1801. 67 Aquarii, double, 1st class. ^ 
(129.) Rev. Sept. 13, 1801. 1 degree south of 39 (.) SagUtam, double, 

2d class near, considerably unequal. Mlia n„ 
(130 ) Rev. Sept. 12, 1801. Double, 1st class. It is a small star, equally 

distant from d and p Capricorni, but a little more south than either. It ,s a 

^IsTTRe^Tpt ^, 1801. Within the triangle i> Capricorni and 
, Aquarii, 18 more. 1 double, 3d class, very Unequal. 

f l33) Rev. Sept. 12, 1801. Double, 2d class, near. It is between a 
ana * Tauri, rather nearer «, and it is a little following the line that joins . 
and e ; a considerable star. 

(133.) Rev. Sept. 15, 1801. Double, 1st class, 2 degrees sp. 73 (A) Aqua- 

rii towards <r. . 

Rev Sept 16 1801. The double star 2 degrees sp. A Aquaru is 
very unequal. Position n.p. Distance 1 diameter of L. It is not towards 
cr but rather in a line between 57 (<r) and 43 (•). The third star in view is 
north of the double star, or a little nf. The distance of the D. star; after long 
looking at it, is nearly 2 diameters of L. 

(134:) Rev* Oct. 2, 1801. Double, 2 degrees n. p. 14 Capricorni, m a 
line parallel to a and 0. It U the middle one of three small telescopic stars m 
that line ; 2d or 3d class, considerably unequal. There is a star very near it 
in Wollaston's Catalogue. 

(135.) Rev. Oct. 5, 1801. Double, 1st class, both very small. One-third 
from 74 Aquarii towards 93 In the finder it appears to be double, owing 
to a star very near it. 

(136.) Rev. Oct. 6, 1801. Double, 2d class, equal. It is a star 35 nfc. 
17 (/) Piscium, in a line from x through /. 

<137.) Rev. Oct. 6, 1801. Double, 2d class, equal. It is south, and a 
little following 0 Piscium; about 1° 10* from it, in a line towards 16. 

(138.) Rev. Oct. 12, 1801. Double, 1st class, very near. Very small stars. 
It is the angular star of a triangle of very small stars : 1£° n.p. 11 (f) Capri- 
corni towards 6$ Sagittarii. Considerably unequal. The preceding is the 
smallest. 
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(139.) Rev. Oct. 12, 1801. Double, 1st class, very minute stars. It is a 
very small star south of 2 that appear coarsely double in the finder. It fol- 
lows 29 Capricorni §° towards S ; and forms a triangle with 29 and the above- 
mentioned very coarse double star of the finder. 

(140.) Rev. Nov. 27, 1801. Double, 2d class, unequal. The south-pre- 
ceding star is the smallest. It is 1° 4ff s: f. xAquarii towards J/. 

(141.) Rev. Dec. 7, 1801. Double, 2d class. It is 1° 20' irf. 18 (y) Gc- 
minorum, in a line parallel" to y and e . Equal ; or the preceding perhaps the 
smallest. 

(142.) Rev. Dec. 7, 1801. Double, 1st class, very near. 1 1° s.f. 70(6)Leo- 
wis, in a line from b through 9 continued. 

(143.) Rev. Jan. 29, 1802. 1} or 1£ degree north of 32 and 31 Virginis, 
double, 1st class, extremely near, less than half a diameter of either ; nearly 
equal. Position sp. The most south is the smallest. 

(144.) 1112 Sw. Sept. 30, 1802. Double, 2d class. 32 Urs* of Bode's 
Catalogue p. 2' 3", n. (f 8 / , r. a. 8 h 36' 34", p. d. 18° 29*. 

(145.) 1112 Sw. Sept 30, 1802. Double 7m. 8m : the 8m. about f of a 
minute s.f. the 7m. 133 Ursa of Bode's Catalogue p. 3* 58", n. 2° 17', 
r.a. 10* 2*47", p.d. 17° 59'. 




XVI. Universal Tables for the reduction of the fixed Stars. By 
S. Groom bridge y Esq., F.R.S. and S.R.A. Nap. 



Read November 10, 1820. 



THE science of astronomy having within the last twenty years received 
considerable improvements both in theory and practice, (the former from the 
researches of many able mathematicians, and the latter from the sl^ill of mo- 
dern artists in the construction of instruments,) the patronage of several 
public bodies, and the labour of individuals, have been called forth to an 
extensive cultivation of the science. When a course of observations has been 
made, a small portion only of the task has been accomplished. In order to 
render these of use, it will be necessary to reduce the same to a certain epoch ; 
whereby the places thereof may be compared with the observations of other 
astronomers, and their several stations be correctly determined. This ope- 
ration will require a tedious calculation, and occupy a large portion of time. 
To abridge the labour, tables have been computed to facilitate the various 
corrections of the fixed stars ; but in the present more perfect theory of the 
solar system, it has become necessary to extend these tables, not only that 
greater accuracy may be obtained, but also to render the operation familiar to 
persons who may not be acquainted with spherical trigonometry. 

The tables herewith presented to the society are computed with the proper 
signs, to apply the sum of the equations to the mean place of the star, at any 
given epoch ; thence to find the apparent place. Consequently, by reversing 
the sign of the sum of the equations, we reduce the observed or apparent 
place, to the mean place at the epoch required. The general practice is to 
reduce all the observations, both of the stars and planets, to the first of Ja- 
nuary as a mean epoch ; but this being an indefinite period, variable in each 
year, both in the longitude of the sun, and the situation of the observer on 
the earth, I should propose to fix the vernal equinox, as the more proper pc- 
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Hod; this being an universal epoch. The tables for the mean diurnal pre- 
cession of the equinoxes are thus computed, and adapted to the longitude of 
the sun at the time of observation, which is used as the argument, instead of 
the day of tlfe month : yet should the reduction be required to the first of Ja- 
nuary preceding such vernal equinox, the same is effected by the following 
factors into the annual precession. 

For M. ForN.P.D. 
1st Year of 365 days . . . , —0.206 —0.215 

2(1 of 365 — .... —0.207 —0.216 

3d of 365 — .... —0.208 —0.216 

4th of 366 — (or Bissextile) . . — 0.209 — 0.217 

To reduce the fixed stars, there are required four elements for the right 
ascension, and three for the north polar distance. Those for right ascension 
are; 1°, the annual number; 2?, the maximum of aberration ; 3°, the annual 
mean precession ; 4°, the natural tangent of declination (divided by 15, if for 
the right ascension in time). The three elements for the north polar distance 
are; 1°, the annual number; 2°, the maximum of aberration ; 3°, the annual 
mean precession. The arguments to find these quantities, with which to 
enter the tables, are the right ascension' and declination of the star. And it 
may be remarked, that whether the place is mean or apparent, from which the 
31 and N.P.D. are assumed, the computation will not be sensibly affected; 
unless the reduction be required for a period of several years ; when these 
quantities would be more accurately obtained by estimating the JR and 
N.P.D. at the half of the period. 

The following is an example of the star 17 (Hev.) Cephei. 

Right ascension in time . . 21 k .48'*46".5 

in space . . 327° . 1 l'.37",6 = 327 a . 1 l',6 

Declination north , . . 55 .44.54 = 55.44,9 

For A uptime. ForN.P.D. 

Annual number, by Tab. A . 10*M°. 54' 

Maximum, aber. B . 2",261 

Mean precession C . +2,029 

Nat.tangentofdec.div.byl5 0,098 

The annual number for the right ascension is the longitude of the ecliptic, 
intersected by the cirole of declination passing through the star; and is there- 
fore the reduction of the equator to the ecliptic, which js given in table A. 



Annual number, by Tab. F . 7'. 17°. 3f 
Maximum aber. — — H . 19",06O 
Mean precession — K . —16,818 
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But the annual number in north polar distance, being the longitude of the 
ecliptic intersected by a perpendicular to the circle of declination drawn from 
the star, the operose computation of the spherical triangles is avoided by 
table F, with a less probability of error. Having taken out the four quan- 
tities from the table F (which include within their area the JR and Dec), the 
correction of the differences may be found by proportion, or more directly by 
proportional logarithms, whose radius is two degrees ; and which for conve- 
nience should be copied on a separate sheet, in order to have it at the same 
view as the table F. Such table is here given, and is called the table of pro- 
portional logarithms. 

For Right Ascension. 

To find the several equations, enter table I with the difference of the sun's 
longitude and the annual number, on the side, and the maximum of aberration 
at the top (always taking the difference less than six signs), and the true aber- 
ration is found by inspection. Should the maximum of aberration exceed 25", 
(which may happen in the right ascension of stars near the pole) enter with 
a half, third, or fourth part, to bring the same within the extent of the tables, 
and the. true quantity will be the double, &c. For the precession in right 
ascension, multiply the mean annual precession in table C by the decimal in 
table D, if the reduction is to an earlier epoch ; or the complement thereof, 
with the negative sign, if to a subsequent epoch ; and carefully notice the 
effect of the algebraic sign of the product. The deviation, or lunar nutation 
of the earth's axis, is taken from the double tables M, according to the direc- 
tions therein given ; and the equation of the equinoxes from table E. 

For North Polar Distance. 

Enter table I with the difference of the sun's longitude and the annual 
number, on the side, and the maximum of aberration at the top, and the true 
aberration is found by inspection. Table G gives the semi-annular solar equa- 
tion. Table L contains the decimal factors for multiplying the mean annual 
precession and their complements, to be used as above, according as the epoch 
precedes or follows the observation ; and the deviation, or lunar nutation of 
the earth's axis, is given in the double tables M . 

The sum of these equations, applied to the mean place of the star, at the 
given epoch, will be the apparent place at the time required; or should the 
apparent place be known from observation, the star may be reduced to the 
mean epoch, changing the algebraic sign of the sum of the equations. 
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The following is a synopsis of the Tables. 
Table A = the annual number in JR. 
B = log. (^cosP) 

C = 3",0599 + i2^££ sin A . ten D 



— go j ar nu tation. 



D J 365 - 24 
[n o 2. = ^§-- 

<«• 360 



^g- 0 solar nutation. 

« 16",5168 . 

= — ye — sm a • 
P = (« + /3) = the annual number in N.P,D. 

where, tan * = ^M^^i^ 
sin£(D + w) 

tan 6 = cos^CD^^ Jan^^ 
• cos i (D + w) 

G = 0",4345 sin (2 o -JR) 

H = 20",255 where, tan 5 = J^-L 

sin 0 sm A 

I = G. cos (0 s a) 
K = 20",0095 cos JR 

{N°].= — ®— 
365.34 

M ^Cl'^sin (A+'a")^ 
18 ,40 sin (51- s) S 

In the above tables, the following quantities have been assumed : yiz. the 
obliquity of the ecliptic = w = 23° 27, 50"; the precession of the equinoxes 
(lunisolar) in longitude = 50",255; the aberration of the sun = 20",255 ; the 
lunar nutation = 9",63 ; the solar nutation = 0",4345. The annual number 
a is determined by table A or P. In order to determine the angle of position P, 
and the latitude of the star X, let us assume <p = 90° <->JR, or 270°c-,iR; and 
make tan S cos <£>. tan co : then we shall have 
cot p = sin(N.P.D.c,3). C ot p 
sin $ ~~ 

. sin w. sin <a 

COt X = . p 

sin P 

2b 
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Examples of the use of the Tables. 
Observed the above star 11th of October 1819. 
Reduced to the vernal equinox 

For right ascension in time. 



1830. 



Annual number 
Sun's longitude 




10 24 54*| 
6 17 41 I 


^ Aberration (Tab. I.) 


= + 1",36 


Diff. 




4 7 13j 






Precession (Tab. C.) 
Decimal no. (Tab. D.) 




+ 2",0291 
- ,453 j 


- Precession 


= - 0 ,92 


Mof star +3 signs 
Longitude of moon's node 




t o / 

1 27 12"^ 
0 10 45 


Nutation (Tab. M.) 




Sum 




2 7 57 


> -1.140 




Diff. 




1 16 27^ 


-6.087 





-7.227 X. 098 



Equation of the equinoxes by Tab. E 

For north polar distance. 

Aberration (Tab. I.) 



Annual number 
Sun's longitude 

Diff. = 

Semi-annual solar nutation . 

Precession (Tab. K.) = 

Decimal no. (Tab. L.) = 

M of the star = 

Longitude of moon's node = 

Sum = 

Diff. = 



= 7 17 34*| 
= 6 17 41 I 

= 0 29 53 J 



. (Tab. G.) 
~ 16 "> 818 \ Precession 



- ,440 J 

< n i 

45 | 

11 7 57 | +0,4621 

10 16 27 J + 5,787 > 



10 27 

0 10 45 | Nutation (Tab. M.) 

Sum 



= - 0 ,71 



- 0,48 

= -16", 52 

= + 0 ,40 
= + 7 ,40 



= + 6 ,25 



- 2,47 



Here, the reduction being required, from the observed place to the mean 
epoch, the algebraic signs must be changed ; therefore the correction for the 
M will be +0",48, and for the N.P.D. +3",47 to be applied to the observed 
place of the star. 
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yi Eridani, mean place at the vernal equinox 1810. 
The elements are taken for 1815, being half the period. 



For M in time. 

Mean M & 47/ s",95 

in space 41° 47' 14"^ 

Annual number, by Tab. A. V 14° 19' 

Maxim. Aber. B. 1",308 

Mean Precession C. +2", 909 

Nat. Tangent, div. by 15 0 ,011 



For N. P. D. 
Mean N.P.D. 99° 39' 28",6 

or Declin. South 9 39 28 ,6 

Annual number, by Tab. F. 5 e 15° 52' 

Maximum Aber. H. 10", 339 

Mean Precession K. — 14",905 



Required the apparent place 8th January 1820. 

North polar distance. 

5 15 52^ 
V 



Right ascension in time. 
1 14 19"j 

9 17 31 I Aber. (Tab. I.) = + 0",59 
3 26 48 J 

+ 9^6 } Preces -('^.C.) = +28,55 

10 11 47^| 

0 6 2 Nutation (Tab. M.) 

10 17 49 [ +0",826 

10 5 45 J 4-6",816 

+7 ,642 x, 011 = + 0 ,08 
Equat. of Equinoxes, (Tab. E.) = — 0 ,12 



Mean Al. 



+29 ,10 
= 2 47 8 ,95 



Apparent M. = 2 47 38 ,05 



9 17 31 I Aber. (Tab. I.) = + 5",42 
4 1 39 J 

Semi-ann. sol. Nut. (Tab.G.) = + 0 ,05 
0 6 2 j Nutation (Tab. M.) 



1 17 49 f -0",91 



1 5 45 j -4 ,907 J 



J- Sum = — 



5,82 



-2 26 ,46 

Mean N. P. D. = 99 39 28 ,60 
Apparent N.P.D. saj 99 37 2 ,14 



When several observations have been made of the same star, it will be suf- 
ficient to compute the equations for each 8th or 10th day ; and to take the 
proportion of their respective sums for the intermediate days: since with a 
very little practice it will easily be discovered whether the second differences 
are increasing or decreasing. 
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Table A. — For the annual number of a Star in Right Ascension ; or the 
Reduction of the Equator to the Ecliptic. 



Argument. — Right Ascension of the Star. 



Rt. Ascension. 


Equation. 


Rt. Ascension. 


Equation. 


+ 





+ 




o / // 


+ 





+ 


— 


O / U 


0 


180 


180 


360 


0 0 0 












1 


179 


181 


359 


0 5 24 


46 


134 


226 


314 


2 27 51 


2 


178 


182 


358 


0 10 48 


47 


133 


227 


313 


2 27 22 


q 
o 


177 


1 83 


357 


0 16 11 


48 


132 


998 


312 


2 26 42 


4 


176 


184 


356 


0 21 33 


49 


131 


229 


311 


2 25 51 


5 


175 


185 


355 


n oft kq 

U ZO Do 


50 


130 


230 


310 


2 24 50 


6 


174 


186 


354 


0 32 11 


51 


129 


231 


309 


2 23 39 


7 


173 


187 


353 


0 37 26 


52 


128 


232 


308 


2 22 18 


g 


172 


188 


3 59 


0 42 38 


53 


127 


233 


307 


2 20 46 


9 


171 


189 


351 


0 47 46 


54 


126 


234 


306 


2 19 4 


10 


170 


190 


350 


n 50 51 

u OZ Ol 


55 


125 


235 


305 


2 17 13 


11 


169 


191 


349 


0 57 51 


56 


124 


236 


304 


2 15 13 


12 


168 


192 


348 


1 2 46 


57 


123 


237 


303 


2 13 3 


13 


167 


193 




1 7 36 


58 


122 


938 
Zoo 


3H9 
%j\JZ 


2 10 43 


14 


166 


194 


346 


1 12 21 


59 


121 


239 


301 


2 8 15 


15 


165 


195 


345 


117 n 
11/ u 


60 


120 


240 


300 


2 5 38 


16 


164 


196 


344 


1 21 32 


61 


119 


241 


299 


2 2 52 


17 


163 


197 


343 


1 25 58 


62 


118 


242 


298 


I 59 58 


18 


162 


198 




1 30 17 


63 


1 17 


943 


on? 


1 56 56 


19 


161 


199 


341 


1 34 28 


64 


116 


244 


296 


1 53 46 


20 


160 


200 


340 


1 98 Oct 


65 


115 


245 


295 


1 50 28 


21 


159 


201 


339 


1 42 28 


66 


114 


246 


294 


1 47 3 


22 


158 


202 


338 


1 46 15 


67 


113 


247 


293 


1 43 31 


23 


157 


203 


337 


1 49 54 


68 


112 


9J8 


Z\fZ 


1 39 52 


24 


156 


204 


336 


1 53 25 


69 


111 


249 


291 


1 36 6 


25 


155 


205 


335 


1 5fi Af\ 


70 


110 


250 


290 


1 32 14 


26 


154 


206 


334 


I 59 58 


71 


109 


251 


289 


1 28 16 


27 


153 


207 


333 


2 3 1 


72 


108 


252 


288 


1 24 12 


28 


152 


208 


339 


2 5 54 


1 o 


1 CY7 


zoo 


287 


1 20 2 


29 


151 


209 


331 


2 8 37 


74 


106 


254 


286 


1 15 47 


30 


150 


210 


330 


O 11 1 

Z 11 1U 


75 


105 


255 


285 


1 11 27 


31 


149 


211 


329 


2 13 33 


76 


104 


256 


284' 


1 7 3 


32 


148 


212 


328 


2 15 45 


77 


103 


257 


283 


1 2 34 


33 


147 


213 


327 


2 17 47 


78 


102 


258 


282 


0 58 1 


34 


146 


214 


326 


2 19 39 


79 


101 


259 


281 


0 53 24 


35 


145 


215 


325 


2 21 20 


80 


100 


260 


280 


0 48 44 


36 


144 


216 


324 


2 22 50 


81 


99 


261 


279 


0 44 1 


37 


143 


217 


323 


2 24 9 


82 


98 


262 


278 


0 39 14 


3S 


142 


218 


322 


2 25 17 


83 


97 


263 


277 


0 34 26 


39 


141 


219 


321 


2 26 15 


84 


96 


264 


276 


0 29 35 


40 


140 


220 


320 


2 27 1 


85 


95 


265 


275 


0 24 42 


41 


139 


221 


319 


2 27 37 


86 


94 


266 


274 


0 19 47 


42 


138 


222 


318 


2 28 2 


87 


93 


267 


273 


0 14 52 


43 


137 


223 


317 


2 28 15 


88 


92 


268 


272 


0 9 55 


44 


136 


224 


316 


2 28 18 


89 


91 


269 


271 


0 4 58 


45 


135 


225 


315 


2 28 10 


90 


90 


270 


270 


0 0 0 
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Table B.— For the Maximum of Aberration of a Star, in Right Ascension in 

Time. 

Argument. — Right Ascension of the Star. 
To the Logarithm found in the Table add the Logarithmic Secant of the Star's Declinations 



01 

c 

bp 

00 


0. 


VI. 


I. 


VII. 


II. 


VIII. 


cn 

e 

bp 

in 


D 


Log. 


Dif. 100' 


Log. 


Dif. 100' 


Log. 


Dif. 100' 


D 


0 
1 
2 


0.09296 
0.09297 
0.09301 


0.00002 
0.00006 

0.00010 

0.00015 
0.00019 

0.00022 

0.00027 
0.00031 

0.00035 

0.00039 
0.00042 

0.00046 

0.00050 
0.00053 

0.00057 


0.10295 
0.10355 
0.10415 


0.00100 
0.00100 

0.00103 

0.00104 
0.00105 

0.00105 

0.00107 
0.00108 

0.00108 

0.00110 
0.00109 

0.00109 v 

0.00110 
0.001O9 

0.00110 

0.00109 
0.00108 

0.00107 

0.00107 
0.00106 

0.00105 

0.00104 
0.00103 

0.00102 


0.12166 
0.12219 
0.12272 


0.00089 
0.00088 

0.00085 

0.00082 
0.00080 

0.00078" 

0.00075 
0.00073 

0.00069 

0.00068 
0.00064 

0.00061 

0.00058 
0.00055 

0.00052 

0.00050 
0.00045 

0.00043 

0.00039 
0.00036 

0.00033 

0.00029 
0.00026 

0.00022 

0.00020 
0.00015 

0.00013 

0.00009 
0.00005 
0.00002 


30 
29 
28 


3 
4 
5 


0.09307 
0.093 f 6 
0.09327 


0.10477 
0.10539 
0.10602 


0.12323 
0.12372 
0.12420 


27 
26 
25 


6 
7 
8 


0.09340 
0.09356 
0.09375 


0.10665 
0.10729 
0.10794 


0.12467 
0.12512 
0.12556. 


24' 
23 
22 


9 

10 
H 


0.09396 
0.09419 
0.09444 


0.10858 
0.10924 
0.10989 


0.12597 
0.12638 
0.12673 


21 
20 
19 


12 
13 
14 


0.09472 
0.09502 
0.09534 


0.11054 
0.11120 
0.11185. 


0.12713 
0.12748 
0.12781 


18 
17 
16 


15 
16 
17 


0.09568 
0.09604 
0.09643 


0.00060 
0.00065 

0.00067 

0.00070 
0.00073 

0.00076 

0 0007Q 
0.00083 

0.00084 

0.00087 
0.00090 

0.00092 

0.00094 
0.00096 
0.00097 


0.11251 
0.11316 
0.11381 


0.12812 
0.12842 
0.12869 


15 
14 
13 


18 
19 

20 


0.09683 
0.09725 
0.097G9 


0.11445 
0.11509 
0.11573. 


0.12895 
0.12918 
0.12940- 


12 
1 1 
10 


21 
22 
23 


0.09815 
0.09862 
0.09912 


0.11636 
0.11698 
0.11760 


0.12960 
0.12977 
0.12993 


9 
8 
7 


24 
25 
26 


0.09962 
0.10014 
0.10068- 


0.11821 
0.11881 
0.11940. 


0.00100 
0.00098 

0.00097 

0.00095 
0.00093 
0.00091 


0.13006 
0.13018 
0.13027 


6 
5 
4 


27 
28 
29 
30 


0.10123 
0.10179 
0.10237 
0.10295 


0.11998 
0.12055 
0.12111 
0.12166 


0.13035 
0.13040 
0.13043 
0.13044 


3 
2 
1 
0 


w 

a 
bfi 

on 


V. 


XI. 


IV. 


X. 


III. 


IX. 


cn 

e 

bp 

c/5 
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Table C. — For the Annual Precession of a Star, in Right Ascension in Time. 

Argument. — Right Ascension of the Star. 
Multiply the Precession found in the Table, by the natural Tangent of the Star's Declination ; the 
Product added to the constant quantity 3".0599, according to the algebraic sign, gives the an- 
nual Precession, if the Declination is North : but if the Declination is South, change the sign 
in the Table. 



a 

.hp 

c#3 


0. 
VI. 


+ 


I. 
VII. 


+ 


II. 
VIII. 


+ 


i 

33 


D 




Dif. 100' 


// 


Dif. 10tf 


II 


Dif. 100* 


D 


0 
1 
2 


0.0000 
0.0233 
0.0466 


0.0389 
0.0388 

0.0387 

0.0388 
0.0387 

0.0385 

0.0386 
0.0385 

0.0384 

0.0382 
0.0382 

0.0382 

0.0379 
0.0377 

0.0377 

0.0374 
0.0372 

0.0370 

0.0368 
0.0365 

0.0365 

0.0360 
0.0358 

0.0356 

0.0353 
0.0350 

0.0347 

0.0345 
0.0340 
0.0338 


0.6670 
0.6870 
0.7069 


0.0334 
0.0332 

0.0327 

0.0323 
0.0320 

0.0316 

0.0312 
0.0308 

0.0303 

0.0300 
0.0295 

0.0290 

0.0286 
0.0281 

0.0276 

0.0271 
0.0266 

0.0262 

0.0258 
0.0252 

0.0247 

0.0241 
0.0236 

0.0230 

0.0225 
0.0220 

0.0215 

0.0209 
0.0202 
0.0196 


1.1552 
1.1667 
1.1778 


0.0191 
0.0185 

0.0180 

0.0174 
0.0167 

0.0160 

0.0155 
0.0149 

0.0143 

0.0135 
0.0130 

0.0123 

0.0116 
0.0110 

0.0103 

0.0097 
0.0091 

0.0084 

0.0078 
0.0070 

0.0064 

0.0058 
0.0050 

0.0045 

0.0037 
0.0030 

0.0024 

0.0018 
0.0010 
0.0004 


30 
29 
28 


3 
4 
5 


0.0698 
0.0931 
0.1103 


0.7265 
0.7459 
0.7651 


1.1886 
1.1990 
1.2090 


27 
26 
25 


6 
7 
8 


0.1394 
0.1626 
0.1857 


0.7841 
0.8028 
0.8213 


1.2186 
1.2279 
1.2368 


24 
23 
22 


9 
10 
11 


0.2087 
0.2316 
0.2545 


0.8395 
0.8575 
0.8752 


1.2454 
1.2535 
1.2613 


21 
20 
19 


12 
13 
14 


0.2774 
0.3001 
0.3227 


0.8926 
0.9098 
0.9267 


1.2687 
1.2757 
1.2823 


18 
17 
16 


15 
16 
17 


0.3453 
0.3677 
0.3900 


0.9433 
04)596 
0.9756 


1.2885 
1.2943 
1.2998 


15 
14 
13 


18 
19 

20 


0.4122 
0.4343 
0.4562 


0.9913 
1.0068 
1.0219 


1.3048 
1.3095 
1.3137 


12 
11 
10 


21 

22 
23 


0.4781 
0.4997 
0.5212 


1.0367 
1.0512 
1.0654 


1.3175 
1.3210 
1.3240 


9 
8 
7 


24 
25 
26 


0.5426 
0.5638 
0.5848 


1.0792 
1.0927 
1.1059 


1.3267 
1.3289 
1.3307 


6 

5 
4 


27 
28 
29 
30 


0.6056 
0.6263 
0.6467 
0.6670 


1.1188 
1.1313 
1.1434 
1.1552 


1.3321 
1.3332 
1.3338 
1.3340 
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2 
1 

0 
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Table E— For the Equation of the Equinoxes in Right Ascension in Time, 

common to all the Stars. 
Argument. — Longitude of the Moon's Ascending Node. 

N.B. Mr. Bessel makes the maximum of this table = 1",026, or about -fo less than the quan- 
tities here given: Table M will also be slightly affected by the -corrections which he has re- 
cently introduced. 
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160 28.7 
165 10.5 
170 1.5 
174 59.1 
180 0 



30° 



132 13.5 
134 57.5 
137 51.0 
140 544 
144 8.0 
147 32.0 
151 6.4 

154 51.0 
158 45.2 
162 48.3 
166 59.0 
171 15.8 
175 36.8 
180 0 



31° 



120 14.0 
122 9 3 
124 10.0 
126 16.4 
128 28.9 
130 47.8 
133 13.6 

135 46.6 
138 27.1 
141 15.3 
144 H.6 
147 15.9 
150 284 
153 48.7 

157 16.7 
160 51.7 
164 33.1 
168 19.8 
172 10.7 
176 4.6 
180 0 



32° 


33° 


34° 


0 

123 


is'.B 


126° 


24 


128° 277 


125 


15.3 


127 


59.0 


130 


23.7 


127 


16.6 


129 


59.9 


132 


23.6 


129 


23.0 


132 


5.5 


134 


27.6 


131 


349 


134 


15.9 


136 


35.9 


133 


52.5 


136 


31.2 


138 


48.5 


136 


16.0 


138 


51.6 


141 


5.6 


138 


45.6 


141 


17.3 


143 


27.2 


141 


21.5 


143 


48,3 


145 


53.3 


144 


3-9 


146 


247 


148 


23.9 


146 


52.8 


149 


6.5 


150 


59.0 


149 


48.2 


151 


53-6 


153 


38.5 


152 


499 


154 


45.7 


156 


22.1 


155 


57.9 


157 


42.8 


159 


9.6 


159 


11.6 


160 


444 


162 


0.8 


162 


30.7 


163 


50.1 


I64 


55.3 


165 


54.5 


166 


59-5 


167 


52.7 


169 


22.2 


170 


11.9 


170 


524 


172 


53*0 


173 


26.6 


173 


53.9 


176 


26.0 


176 


42.9 


176 


56,6 


180 


0 


160 


0 


180 


0 



35° 



130 37-2 
132 32.1 
134 30.6 
136 32.7 
138 38.6 
140 48.3 
143 1.9 

145 194 
147 40.7 
150 5-9 
152 348 
155 74 
157 414 
160 22.7 

163 49 
165 49.8 
168 36.9 
171 26.0 
174 16.5 
177 8.0 
180 0 



36° 



132 33-0 
134 26.6 
136 234 
138 234 
140 26.8 
142 33-5 
144 43.7 

146 57.2 
149 14.0 
151 341 
153 574 
156 23.7 
158 53.0 
161 249 

163 59-3 
166 35.9 
169 14.4 
171 544 
174 35.6 
177 17.6 
180 0 



250 290 



251 



289 



252 288 



253 



287 



254 286 



255 



285 



256 284 

257 
258 

259 281 



280 
279 

% 

276 
275 
2661274 

267 273 

268 272 

269 271 

270 270 



263 
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Table G.— Semiannular Solar Equation of Stars in North Polar Distance. 





Argument. 


2 Sun's Long. 


—JR of Star. 




Signs. 


0. + 
VI. - 


I. + 
VII. - 


II. + 
VIII. - 


i 


D 








D 


0 
1 
2 


0.0000 
0.0076 
0.0152 


0.2172 
0.2238 
0.2302 


0.3763 
0.3800 
0.3836 


30 
29 
28 


3 
4 
5 


0.0227 
0.0303 
0.0379 


0.2366 
0.2430 
0.2492 


0.3871 
0.3905 
0.35)38 


27 
26 
25 


6 
7 
8 


0.0454 
0.0530 
0.0605 


0.2554 
0.2615 
0.2675 


0.3969 
0.4000 
0.4029 


24 
23 
22 


9 
10 
11 


0.0680 
0.0754 
0.0829 


0.2734 
0.2793 
0.2851 . 


0.4056 
0.4083 
0.4108 


21 
20 
19 


12 
13 
14 


0.0903 
0.0977 
0.1051 


0.2907 
0.2963 
0.3018 


0.4132 
0.4155 
0.4177 


18 
17 
16 


15 
16 
17 


0.1125 
0.1198 
0.1270 


0.3072 
0.3125 
0.3178 


0.4197 
0.4216 
0.4234 


15 
14 
13 


18 
19 
20 


0.1343 
0.1415 
0.1486 


0.3229 
0.3279 
0.3328 


0.4250 
0.4265 
0.4279 


12 
11 
10 


21 

22 
23 


0.1557 
0.1628 
0.1698 


0.3377 
0.3424 
0.3470 


0.4292 
0.4303 
0.4313 


9 
8 
7 


24 
25 
26 


0.1767 
0.1836 
0.1905 


0.3515 
0.3559 
0.3602 


0.4321 
0.4328 
0.4334 


6 
5 
4 


27 

28 
29 
30 


0.1973 
0.2040 
0.2106 
0.2172 


0.3644 
0.3685 
0.3724 
0 3763 


0.4339 
0.4342 
0.4344 
0.4345 


3 
2 
1 

0 


Signs. 


V. + 
XI. - 


IV. + 
X. - 


III. + 
IX. - 


00 

C 

33 
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Table M. (No. 1.) — For the Nutation of a Star in North Polar Distance, and 
Right Ascension in Time. 
Argument.— -Right Ascension of Star -f- Long. Moon's Node. 
The sum of the two Equations found in these Tables, is the Nutation of a Star in North Polar 

Distance. 

For the Nutation in Right Ascension, call the Right Ascension of the Star plus 3 Signs, if the 
Declination is North ; and minus 3 Signs, if the Declination is South : the sum of die two 
Equations so found, multiplied by ^th of the natural Tangent of the Declination of the Star, 
produces the Nutation in Right Ascension in Time. 
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%* See the Note to Table E. 
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Table M. (No. 2.)— For the Nutation of a Star in North Polar Distance, and 
Right Ascension in Time. 
Argument. — Right Ascension of Star — Long. Moon's Node. 
The sum of the two Equations found in these Tables, is the Nutation of a Star in North Polar 

Distance. , 
For the Nutation in Right Ascension, call the Right Ascension of the Star plus 3 Signs if the 
Declination is North ; and minus 3 Signs if the Declination is South : the sum of the two 
Equations so found, multiplied by -^th of the natural Tangent of the Declination of the Star, 
produces the Nutation in Right Ascension in Time. 
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%* See the Note to Table E. 
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Table K.— For the Annual Precession of a Star in North Polar Distance. 



Argument. — Right Ascension of the Star. 
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28 


3 
4 
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6.5145 


21 
20 
19 


12 
13 
14 


19.5722 
19.4967 
19.4151 


14.8699 
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19.2344 
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XVII. Observation of the Solar Eclipse which took place on Sept. 7, 1820, 
at Naples. Communicated in a Letter from M. Piazzi to the Foreign 
Secretary. 

Read November 9, 1821. 



The eclipse of the 7th of September 1820 was observed at the Royal 
Observatory of Naples at Capodimonti, by Carlo Brioschi, with the tele- 
scope annexed to the repeater of Reichenbach, placed in the western turret, 
about 4 feet in focus and 36 lines aperture. 

Mean time. 

h / ii 

Beginning of the eclipse (uncertain about J second) . . . 1 58 39,0 
A very feeble thread of light begins to appear between the lucid horns, 

which approach rapidly 3 23 23 — 

The lucid horns unite and form the annulus . . . . 3 23 27,0 

The annulus breaks, and a thread of feeblest light, similar to that 

above mentioned, remains, which gradually diminishes in breadth 3 27 20,7 
The abovementioned thread of light disappears . . . .3 27 39+ 
End of the eclipse (uncertain about 1 second, the limb of the suu 

fluctuating greatly) 4 43 26.,0 
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ERRATUM. 
Page 11, lines 18 and 19, for stops read steps. 
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PRESENTS 

RECEIVED BY 

THE ASTRONOMICAL SOCIETY OF LONDON. 



1820. Presents. 
March 10. Tables for determining the apparent time, from observed alti- 
tudes, of the sun or a star. Printed at the head quarters 
of the army in France. 1818. 8vo. 

General Table of Equations of equal Altitude. No place or 
date. 8vo. 

Nouvelles Tables de Jupiter et Saturne. Par M. Bouvard. 
Paris 1808. 4to. 

A Philosophical and Mathematical Dictionary. By C. Hutton, 
LL.D. London 1815. 2 vols. 4to. 

Tracts on Mathematical and Philosophical Subjects. By C. Hut. 
ton, LL.D. London 1812. 3 vols. 8vo. 

Astronomical Lectures read in the Astronomical School of the 
University of Oxford. By John Keill, M.D. London 
1748, 4th edition, 1 vol. 8vo. 

Petri Gassendi Institutio astronomica, juxta hypotheses tarn 
veterum quam recentiorum. London 1683, third edition, 
1 vol. 8vo. 

Tractatus primus instrumentorum mechanicorum Levini Hulsii. 
Francfort 1605. 1 vol. 4to. 

Galilaei Galilaei Lyncaei, academiae Pisanae mathematici, systema 
cosmicum. Lugduni 1641. 1 vol. 4to. 

Description et usage du cercle de reflection, avec diflferentes 
methodes pour calculer les observations nautiques. Par le 
Chevalier de Borda. Paris 1787. 1 vol. 4to. 

2g2 



Donors. 
Major General 
SirT. Brisbane. 



C. Stokes, Esq. 
Dr. Hutton. 



Major Colby. 
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1820 Presents. Vo»o**. 

March 10. Rocherches experimentales sur les monvemens des motfcoles de Major Colby, 
la lumiere, autour de leur centre de gravite. Par M . Biot. 
Paris 1814. 1 vol. 4to * 



Astronomy, in five books. By Roger Long, D.D. Cambridge 
1742. 2 vols. *' 0, 
Ephemerides des mouvemens celestes 



1715 a 1734 par Desplaces. 


Paris 1716 


4to. 


1745 — 1755 par Lacaille. 


Paris 1744 


4to. 


1755 — 1765 par Lacaille. 


Paris 1755 


4to. 


1765 — 1775 par Lacaille. 


Paris 1763 


4to. 


1775 — 1784 par Lalande. 


Paris 1774 


4to. 



Recueil d' Observations faites en plnsieurs voyages, par ordre de F. Baily, Esq. 
sa Majeste, pour perfectionner l'astronomie et la geographic 
Par Messieurs de l'Academie Royale des Sciences. Paris 
1693. 1vol. folio - 
Observationes Astronomic*, annis 1781, 1784, 1783, institute 
in observatorio regio Hauniensi, et cum tabulis astronomi- 
cis comparate. T. Bngge. Hauni* 1784. 1 vol. 4to. 
Praecipuarum stellarum inerrantium positiones mediae ineunte 
seculo XIX, ex observationibus habitis in specula Panor- 
mitana, ab anno 1792 ad annum 1802. Auctore Josepho 
Piazzi. Panormi 1803. 1 vol. ^ folio - 

Delia specola astronomica de Regj studj di Palermo, di Giuseppe 
Piazzi. Libri Quattro. Palermo 1792. 1 vol. folio. 
Delia specola astronomica de Regj studj di Palermo, di Giuseppe 
Piazzi. Libri Quinto. Palermo 1794. 1 vol. folio. 

Del Reale osservatorio di Palermo. Libri Sesto. Palermo 1806. - 

1 vol. foUo ' 
Praecipuarum stellarum inerrantium positiones mediae ineunte se. 

culo XIX, ex observationibus habitis in specula Panormi. 
tana, ab anno 1792 ad annum 1813. Auctore Josepho 
Piazzi. Panormi 1814. 1 vol. 4to. 

Almagestum Novum, astronomiara veterem novamque com- 
plectens. Auctore P. J. B. Ricciolo. Bononiae 1653. 

2 vols. folio - 
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*820. Presents. 
Nov. 10. Astronomical observations made at the Royal Observatory of 
Greenwich, in the years 1811 to 1816, both inclusive. 
By John Pond, Esq. Astronomer Royal. London 1815- 
1818. 2 vols. foUo# 

Discours snr Nicolas Kopernik. Par Jean Sniadecki. ImprimS 
a Varsovie en. 1803 et 1818. Reimprime a Paris 1820. 
1 vol. 8vo. 

A bronze medal, bearing the head of Copernicus. 

Dec. 8. A collection of examples of the application of the differential 
and integral calculus. By George Peacock, Esq. Cam- 
bridge 1820. 8vo. 

A collection of examples of the applications of the calculus of 
finite differences. By J. F. W. Herschel, Esq. Cam- 
bridge 1820. 8vo. 

Examples of the solutions of functional equations. By Charles 
Babbage, Esq. Cambridge 1820, 8vo. 

Astronomical observations. By S. Groombridge, Esq. Read 
before the Royal Society, June 29, 1820. 4to. 

Memoires de l'Academie des Sciences, Arts et Belles Lettres 
1821. de Dijon. Dijon 1820. 1 vol. 8vo. 

Jan. 12. A method of computing astronomical refractions for objects near 
the horizon. By the Rev. J. Brinkley, D.D. Dublin 
1820. 4to. 

A method of correcting the approximate elements of the orbit of 
a comet, and the application of the same to observations 
made at the observatory of Trinity College Dublin on the 
comet of July 1819. By the Rev. J. Brinkley, D.D. 
Dublin 1820. 4to. 

Elementi di Trigonometria Sferoidica. Di Barnaba Oriani. Bo- 
logna 1806. 4to. 

Observations sur l'ecrit de M. Laplace, lu le 29 Mars 1820 au 
bureau des longitudes, intitule " Sur Ie perfectionnement 
de la theorie et des tables lunaires." Par MM. Carlini et 
Plana. Genev. Aout 1820. 1 vol. 8vo. 

March 9. On the lines that divide each semidiurnal arc into six equal 
parts. By W. A. Cadell, Esq. Edinburg 1816, 4to. 



Donors. 
John Pond, Esq. 



Dr. Slawinski. 



G. Peacock, Esq. 



J. F. W. Her- 
schel, Esq. 

C. Babbage, Esq. 

S. Groombridge, 
Esq. 

The Academy of 
Dijon. 

Rev. Dr. Brink- 
ley. 



M. Oriani. 

MM. Carlini et 
Plana. 



W. A. Cadell, 
Esq. 
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1821. 
March 9. 



Presents. 

On the reduction of certain classes of functional equations to 
equations of finite differences. By J. F. "W. Herschel, Esq. 
Cambridge 1820. 4to. 

Supplementary table to that usually given of equations to equal 
altitudes. By Maj. Gen. Sir T. Brisbane. 

Table to determine accurately the time of high water at any 
given port, dependent on the accelerated or retarded 
action of the moon on the tides, &c. By Major General 
Sir T. Brisbane. 



Memoire sur la libration de la lune. 
• 1 vol. 



Par M. Nicollet. 



Paris. 
8vo. 



Addition au memoire sur la libration de la lune. Par M. Ni- 
collet. Paris. 1 vol. 8vo. 

Nieueve Verhandelingen van het Zeeuwsch Genootschop der 
Wetenschappen. J. P. Bourje. Middelburg 1819. 8vo. 

Johannis Frederici Ludovici Schroder, O ratio de majoribus 
corporum ccelestium permutationibus, &c. Trajecti ad Rhe- 
num 1816. 8vo. 

Gerard i Moll, O ratio de vitanda, in astronomico studio, fingendi 
temeritate, et cceli observatione quam diligentissime institu. 
enda. Trajecti ad Rhenum 1819. 8vo. 

Copy of a portrait of Sir Isaac Newton, from the drawing in 
the possession of Dr. Hutton. 

April 13. Ephemerides des mouvemens celestes 1793 a 1800. Par J. La- 
lande, vol. 9. Paris 1792. 1 vol. 4to. 

Astronomical Observations made at the Royal Observatory at 
Greenwich in the years 1799 and 1800. By the Rev. Nevil 
Maskelyne, D.D. London 1800 and 1801. 2 parts, folio. 

On Pendulums, vibrating between cheeks. By B. Gompertz, 
Esq. London 1817. 1 vol. 8vo. 

May 1 1 . Method of determining the latitude, by a sextant or circle, with 
simplicity and accuracy, from circum-meridional observa- 
tions taken near noon. By Maj. Gen. Sir T. Brisbane. 
Edinburgh 1821. 4to. 

June 8. Transactions of the Cambridge Philosophical Society, vol. 1. 

part 1. Cambridge 1821. 4to. 



Donors. 
J. F. W, Her- 
schel, Esq. 

Major General 
Sir T.Brisbane. 



M. Nicollet. 



Professor Moll. 



Dr. Kelly. 
F. Baily, Esq. 
Major Colby. 



B. Gompertz, 
Esq. 

Major General 
Sir T. Brisbane. 



Camb. Phil. Soc. 



Digitized by 



Google 



323 



1821. Presents. 
June 8. Algebra, .with Arithmetic and Mensuration, from the Sanscrit 
of Brahmegupta and Bhascara. Translated by H. T. Cole, 
brooke. London 1817. 1 vol. 4to. 

Journal of a voyage for the discovery of a North- West passage 
from the Atlantic to the Pacific, performed in the years 
1819 and 1820, in his majesty's ships Hecla and Griper, 
under the orders of Capt. W. E. Parry. London 1821. 4to. 

Nov. 9. Astronomische Beobachtungen auf der Koniglichen Universi- 
tats — Sternwarte in Kdnigsberg, von F. W. Bessel. From 
Nov. 12, 1813 to Dec. 31, 1818. KSnigsberg 1815, &c. 

folio. 

Account of the life and writings of Robert Simson, M.D. By 
the Rev. William Trail, LL.D. Bath 1812. 4to. 

Asiatick Researches, vol. 13. Calcutta 1820. 4to 

Theoretische und Practische Astronomie, von J. J. Littrow. 
Wien 1821. 2 vols. 8vo. 

Ueber den erweiterten Gebrauch der Multiplikations Kreise 
von J. Littrow. Prag. 1820. 8vo. 

Astronomische Hiilftafeln fur 1821, herausgegeben von H. C. 
Schumacher. Copenhagen (no date). 8vo. 

Ragguaglio del Reale Osservatorio di Napoli, eretto sulla Col- 
lina di Capodimonte. Napoli 1821. 4to. 

Map of the Triangulation of the Canton of Berne. By Profes- 
sor Treschel 1811-18. 

Three engravings of the sphere and hieroglyphics in the temple 
of Tentyra. 

Memoir relative to the annular eclipse of the sun, which will 
happen on September 7, 1820. By Francis Baily. Lon- 
don 1818. 8vo. 

Memoir on a new and certain method of ascertaining the figure 
of the earth by means of occultations of the fixed stars. By 
A. Cagnoli. With notes and an appendix by Francis 
Baily. London 1819. 8vo. 

Dec. 14. Catalogue of stars taken from Mr. Flamsteed's observations, 
contained in the second volume of the Historia Ccslestis, 



Donors. 
H. T. Cole- 
brooke, Esq. 

Captain Parry, 
R.N. 



M. Bessel. 



Dr. Hutton. 

Asiatic Society. 
M. Littrow. 



M. Schumacher. 
M. Piazzi. 
M. Treschel. 
Baron Matolaij. 
F. Baily, Esq. 



Major Colby. 
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1821. 
Dec. 14. 



1822. 
Jan. 11. 



Pbesenti. 

and not inserted in the British Catalogue. With an ap- 
pendix, to point out every observation in that volnme be. 
longing to the stars of the British catalogue. To which is 
added, a collection of Errata that should be noticed in the 
same volume, by Caroline Herschel. With introductory 
and explanatory remarks to each of them, by William Her. 
schel, LL.D. F.R.S. Published by order and at the ex- 
pense of the Royal Society. London 1798. folio. 

Laws of the Astronomical Society of Edinburgh. Edinburgh 
1815. 8vo. 



Donors. 



Major Colby. 



Report of the nature and progress of the Glasgow Astronomical 

Society. Drawn up by order of the Directors. Glasgow 
1809. 8vo. 

Astronomische Nachrichten. No. 1. Altona, Sept. 1821. 4to. M.Schumacher. 

Ephemeris of the distances of the four planets, Venus, Mars, — « 

Jupiter and Saturn from the Moon's centre for 1823: to- 
gether with their places for every day in the years 1822 and 
1823. To which are annexed Tables for finding the lati- 
tude by the Pole-star for 1823. Calculated under the di- 
rection of H. C. Schumacher. Copenhagen 1821. 4to. 

Two tables, exhibiting the moon's equatorial semidiameter in W. Lambert, 
time, or the interval of passage over the meridian from Esq. 
the eastern or western limb, to the moon's centre. By 
William Lambert. Manuscript, 

Introduction to a synoptical table of English and French lineal H. Goodwin, 
measures. 4to. Esq. 

Astronomical tables and remarks for the year 1822. By F. Baily, Esq. 
Francis Baily. Londou 1822. 8vo. 
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OF 

THE ASTRONOMICAL SOCIETY OF LONDON 

On February 8, 1823. 
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ERRATA. 



Page 43, lines 18 and 19, for stops read steps. 

185, for I = G. cos (Qs a) read 1= Max. cos (0ho). 

/wtsin*C-M|sin*L\, . / ^sin'/-M7 sin»L \l 
265, line 5, for ( M * cos* L-mf cos* I> Tmd \ M * cos» L - cos'/' 

N.B. The different terms of the latter expression are those developed in the calcu- 
lations, and should be inserted in their places. 
265, line 6, for axes L and /, read axes, L and / 

267, lines 1 and 2, in the two formulae there given, the sign x is inadvertently inserted 
instead of the sign + , both in the numerators and denominators. The error also 
occurs in the same terms inserted in the calculation. 

277, line 34, for 180, read 180°. 

279, — 23, — 180, — 180°. 

403, - 24, - (p-pY - (p-p'). 

416, No. 3, — 43100 — 43119. 

— 4, — 44900 — 44881. 

— 16, — 61700 — 61632. 
433, line 15, — 90 read 90°. 

— 22, — foot — head. 

— 25,-0 — 0°. 

— 32,-0 — 0°. 

476, at the top, for M". (2©+ N") read M". sin (2© + N"). 

477, .... M'". (2 <[ +N'") — M"\ sin (20+ N'"). 
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XVIII. Observations on the Collimation Adjustment of a Transit Instrument; 
together with some arguments in favour of certain Circumpolar Stars 
being added to our standard Catalogue, to facilitate a rigorous and fre- 
quent examination of the position of the instrument with regard to the 
Meridian, and of the altitude of the Pole, relative to the observer's sta- 
tion. By James South, F.R.S. L. % E. 

Read January 11, 1823. 



IN Mr. Brande's Journal of January last, a paper was published by me, 
wherein allusion was made to the adjustments of the Transit Instrument, 
and that of collimation was dismissed in these words : " The usual mode of 
detecting the error of it, as also of correcting it, is too well known to require 
comment : " subsequent experience however has shown me that such is not the 
case ; and that, although the usual means have been resorted to, and appa- 
rently with satisfactory results, still other and more severe examination, will 
prove successful in detecting error; and as the least possible must be mis- 
chievous, it behoves us to do all in our power to counteract it. 

The meridian mark (where there is one) is the object whereby the collimation 
of the instrument is examined and corrected, and when the central wire upon 

vol. i. part II. 2 i 
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reversion of the instrument bisects it, enough, it is usually supposed, has been 
achieved. Now there are two difficulties here to contend with ; the first is, that 
of the mark being too near, and the other, that of its being too distant : if the 
former, then a slight lateral motion of the axis will render the experiments fal- 
lacious ; if the latter, then indeed another difficulty occurs, namely, that of the 
frequent impossibility of defining it sufficiently, to warrant confidence in the ac- 
curate bisection of it: and perhaps to these might be added a third source of 
error, to be found in the eccentricity of the instrument. Under these circum- 
stances, therefore, it has been proposed to observe sidereal transits with the axis 
in one position one day, and with it reversed on the day following: this mode 
however supposes reliance can be placed on the uniformity of the clock's rate ; 
and when it is remembered that the adjustment of collimation is one of the first 
wanted, after the erection of a transit instrument, such confidence cannot rea- 
sonably be entertained. Added to this, also, the error of observation, and the 
different states of atmosphere at the time such comparative observations are 
made, go far to diminish confidence in the results: nor must it be forgotten that, 
in this climate at least, it is no unusual thing for us to be disappointed in being 
able to see, much more to observe, the wished-for star at the required time; 
hence also it not unfrequently happens, that the labours of one day are thrown 
away, through the lack of corresponding observations on the day following ; or 
if not, then indeed a two days' or even a three days' rate of the clock must be con- 
fided in, a confidence which indeed few clocks will be found to merit. Hence 
therefore it becomes desirable to seek for some mode whereby these difficulties 
may be obviated ; and for this purpose I can recommend the following, 
knowing from experience, that it is adequate to the purpose. 

The stars I would select for the occasion, are those not far distant from the 
pole, whose slow motion over the wires renders them peculiarly fitted for the 
task ; and, to save others the trouble of seeking out such, the table I myself 
employ is here subjoined. — It is not to be understood as giving accurately the 
mean places of the stars contained ii) it : such is not the case, nor would it be 
for this purpose in any respect useful. 

Having therefore adjusted the collimation of the instrument by the land 
mark, as I consider approximately, I direct it to such an one of the stars as is 
nearly on the meridian, and the nearer to the pole the better ; I note its transit 
over the 1st, over the 2d, and over the 3d wire. I then reverse the instrument, 
and note its transit over the 4th and 5th wires : now the three first wires may 
be represented by the three lines f f [ , and it will be seen that the star has 
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travelled from A toC, and from B to C. Now on reversing the instrument it will 
have to return from C to B, and from C to A ; and if it does this in the same 
intervals of time, it is evident that the error of collimation is equal toO; 
but if any discordance be observed, an error of collimation exists*, and which, 
as in other instances, must be corrected one-half by the azimuthal motion of 
the instrument, and the other by the cbllimating screws. Now by the time 
this correction is made, probably another star of the list may present itself, 
which must be treated in the same manner, till on reversion every discordance 
between the observation vanishes ; then indeed will the instrument be free 
from this source of error. The star of all others which I prefer is that about 
54 minutes from the pole, when it can be observed at a convenient season. 

The experienced astronomer need not however be informed, that such a star 
can only be employed where the instrument is large : accordingly he will find 
the catalogue afford him such as will be suited to his wants ; he will however 
do well to select such, as are as near to the pole as he can detect the motion of, 
over the wires of his instrument. 

Now by this mode — Any lateral motion of the instrument is rendered un- 
important. The eccentricity of it is no longer a source of error. Great confi- 
dence in the clock's rate is not required. No corrections for the stars are 
needed. Many opportunities of examination and correction may be afforded 
in one evening, and each independent of the preceding. Material alteration 
in the state of the atmosphere will be usually avoided : And no possibility of 
sensible error will be left uncorrected. 

*Thus in Blackman-street, Jan. 21, 1821, the transits of 81 S UrssB Minor 
over A B and C were observed at 6 h 16' 18 // .5-23 / 8".0 and 29' 59".5, and 
after reversing over B and A at 36' 51".5 and 43' 41".0 respectively. 
Now 29* 59".5-16' 18".5=13' 4r.0=A C. 
And 43 41 .0-29 59 .9=13 41 .5=CA. 

Dif.= 0 0 .5=Error of Collimation. 

Again 29* 59*.5-23 / 8".0=6' 51". 5=B C. 
And 36 51 .5-29 59 .5=6 52 . 0=C B. 

Dif.=0 0 .05=Error of Collimation. 



* Daring the seexperiments the instrument is supposed to move in the plane of the meridian. 
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Mr. Sovth's Observations on the 
Catalogue of Circumpolar Stars reduced to Jan. 1st, 1821. 



Star's Name. 
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Right Ascension. 
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Declination. 
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2 29 4 
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5 21 41 




6 


3 39 32 


8 58 56 
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2 6 48 
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9 27 33 
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11 39 35 
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0 54 31 
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3 24 54 
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6 36 49 
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6 47 33 


6 58 30 
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9 8 26 


1 26 30 
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9 32 14 


3 43 8 
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12 14 39 


1 18 29 


88 41 ol 
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12 15 6 


2 29 4 


87 30 56 
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12 56 5 


2 43 39 
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5 21 41 


84 38 19 
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15 39 32 


8 58 56 
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15 40 39 


2 6 48 


87 53 12 
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15 49 47 


9 27 33 


80 32 27 


4 


15 50 38 


11 39 35 


78 20 25 


4 


17 4 39 


7 41 10 


82 18 50 
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17 51 48 


0 54 31 
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18 30 4 


3 24 54 


86 35 6 
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18 36 49 


3 2 48 


86 57 12 


6 


18 47 33 


6 58 30 


83 1 30 
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21 8 26 


1 26 30 


88 33 30 


6 


21 32 14 


3 43 8 


86 16 52 
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On reference to this Catalogue, it will be seen that several of the stars con- 
tained in it, might be appropriated to other useful purposes, provided their 
places were but accurately ascertained. It is almost needless to say, that I 
refer to the facilities which they would afford the practical astronomer in as- 
certaining two very important facts ; namely, the precise position of his transit 
instrument with regard to the meridian, and of the pole with regard to his 
station. 

Experience has decided, that of all the modes of placing a transit instrument 
in the meridian, or of ascertaining its deviation from it, that afforded by the 
transit of circumpolar stars above and below the pole, is by far the most ac- 
curate and independent; indeed, considering this circumstance, it seems not 
a little singular, whilst a piece of metal with a hole in its centre, perched 
upon bricks and mortar, should have been regarded almost with religious 
awe, that a process so perfect in itself should have been so little enforced, 
either by precept, or example. The cause of this apparent inconsistency 
may, perhaps, be traced to the circumstance of but few of the stars near to 
the pole, having as yet had their mean places accurately determined ; and if 
so, surely it is high time that such an obstacle to their employment, should be 
removed. 

On examining the Greenwich Catalogue, it will be found to contain only 
two stars at all fitted for the task ; these are a and (3 Ursae Minoris ; and 
perhaps, where the instrument is large and capable of bearing a magni- 
fying power of 3 or 400, the last is too distant from the pole to answer 
much purpose : indeed, with my own, I think its inferior transit not worth 
the trouble of taking, except, where others more appropriate cannot be pro- 
cured. In truth, 1 consider the accuracy it affords, about equal to that ob- 
tained by means of a high and low star. Hence, therefore, the stars appli- 
cable to a service so important become reduced to one ; and when it is re- 
membered (as has been already stated) that here it is not unusual for us to be 
baffled in our attempts to observe its consecutive superior and inferior transits 
not only for days, but even for weeks, we are left to our only alternatives, 
either of being satisfied with others more distant, or with examination by the 
transits of high and low stars ; but again, unfortunately, the latter of these 
are in our national Catalogue so few in number, that they sometimes from 
unfavourableness of weather are not easy to be procured. 

Most of our transit instruments are supplied with five vertical wires, which 
by Mr. Troughton are so placed that a star in the Equator shall pass from 



Digitized by 



238 



Mr. South' s Observations on the 



one to another in about 24 or 25 seconds ; thus the observer can procure the 
transits of both limbs of the sun without either hurry or delay : the time how- 
ever occupied by Polaris in travelling over the wires thus distant, renders it 
generally inconvenient to attend to its transit, except over the meridian wire ; 
hence it frequently occurs that this transit from some untoward circumstance 
cannot be procured ; either the star becomes invisible just at the time ; oris 
perhaps so ill defined at the moment, that to bisect it, is impossible ; or having 
marched up to the meridian wire very steadily, promising a highly satisfactory 
observation, lateral refraction, or some other cause, transports it suddenly to 
the other side. These are obstacles, which, even in the finest weather, will 
occasionally thwart the observer : as however the star is frequently visible and 
invisible, well defined and ill defined, steady and unsteady, many times in two 
or three minutes, it were to be wished that some further attempts should be 
made to get a satisfactory observation of it. I proceed as follows : the seven 
feet transit made for me by Mr. Troughton is provided with a moveable wire, 
which by means of a micrometer screw admits of considerable motion on either 
side of the central one ; this I usually place at a distance from the meridian 
wire equal (when Polaris is employed) to two minutes of time, having or not 
observed its passage over this station. I then advance the wire a quantity equal 
to one minute of time, and another attempt is made to observe it here : the me- 
ridian wire next presents itself, and if successful in procuring the transit satis- 
factorily over this, my business is completed ; if not, the moveable wire is 
again recurred to, till it is no longer wanted. By these means it will be seen 
that in five minutes I have four chances of getting transits, each nearly, if not 
quite, equal to the meridian transit. In smaller instruments thete may perhaps 
be some difficulty, and certainly considerable expense, in this micrometrical ad- 
dition: I would therefore propose, that to these should be added two wires, one 
on each side of the meridian one, and at such a distance from it that Polaris 
should travel from either of them to it, in about two or perhaps three minutes ; 
and were they of different fineness from the meridian wire, accidental con- 
fusion in observing stars of greater north polar distance would thereby be 
rendered impossible. It is needless to say, that when the moveable wire is 
employed, the correction for index error must be accurately ascertained, and 
its parallelism with the meridian wire will be indispensable. 

Now although many transits of Polaris usually lost, might thus be procured, 
still disappointments are so frequent, that it would be highly desirable to add to 
our present Catalogue, those circumpolar stars, whose proximity to the pole ren- 
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ders them peculiarly applicable to a purpose so highly important ; and that too 
in such numbers, as in tolerably good observing weather, would render the pro- 
bability of procuring daily superior and inferior transits of some one or other of 
them, almost certain. When, however, this from unavoidable causes should be 
impracticable, very considerable accuracy would be obtained by comparing the 
superior transit of one star with the inferior transit of another ; or even when 
only superior or only inferior have been observed, the average results of error 
afforded thereby will supply very sound materials, for ascertaining the amount 
of deviation from the meridian, as also data whereby correction may be ap- 
plied; but for this purpose, the corrections in right ascension of the stars 
employed will be absolutely indispensable, and the error of the clock must be 
known to two- or three-tenths of a second. As to the selection of stars most 
proper for the purpose, what was said relative to it when the collimation was 
to be scrutinized, equally applies now that the position of the instrument is to 
be rigorously examined. The nearer to the pole is the star, the more severe 
will be the test, and the more accurate the result. 

But if the transits of circumpolar stars above and below the pole, afford the 
most accurate information as to the position of the instrument relative to 
the meridian ; it is equally to be acknowledged that their altitudes at the 
instant of such transit afford us the means of knowing the precise situation 
of the polar point, far superior to what can be obtained by any other pro- 
cess hitherto devised ; and if /3 Ursae Minoris was before objected to for as- 
certaining accuracy of instrumental position, in consequence of its distance 
from the pole, it will be here objectionable on the same grounds : there it 
was objected to, because its distance occasioned its too rapid motion over the 
wires ; here because it will leave the star but alow altitude, during its inferior 
transit ; for although perhaps at 36 degrees of altitude, (which it will have in 
this latitude,) we may consider the laws of refraction pretty well ascertained, 
still it must be remembered that to the traveller it will oftentimes prove not 
quite so fortunate, as he will occasionally want it in situations, whefe, its in- 
ferior transit, will plunge it in all the uncertainties of that phenomenon; hence, 
therefore, to him, it would be highly grateful to have a supply of others, whose 
proximity to the pole, would effectually preclude such a misfortune .; and were 
also their daily corrections in north polar distance, as well as in right ascension 
given, it would be highly desirable. 

The stars I would select from the Catalogue before alluded to, include ail 
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those of the 3d, 4th and 5th magnitudes, and one of the 6th. We shall then, 
with the insertion of Polaris, have the following list, all of which, except 4Ursae 
Minoris are, under tolerably favourable circumstances, visible in the day time ; 
and although the same cannot be said of it, still its extreme nearness to the 
pole perhaps compensates for that deficiency. It will be also some recom- 
mendation to the selection, that the periods of its star's transits, will be tolerably 
well diffused through the 24 hours, — a circumstance which will frequently ob- 
viate the necessity, of the observer leaving a comfortable bed, for a comfort- 
less observatory, as is now frequently the case where the pole star at its su- 
perior and inferior transit, is regularly observed. Seeing, therefore, these 
circumstances, it is surely to be wished, that some industrious observer, with 
instruments adequate to the purpose, would undertake the task of furnish- 
ing their places with all possible accuracy: and were my own free from other 
engagements, I would gladly and heartily undertake it myself. 



Star's Name. 


Mag. 


Right Ascension. 


N. P. 


D. 


a Ursae Minor. 


2 


0 h 


57' 


16" 


1° 


38' 


46" 


59 I S. P. 


4 


3 


50 


38 


11 


39 


35 


76 e S. P. 


4 


5 


4 


39 


7 


41 


1Q 


4 (Bode) 


6 


5 


51 


48 


0 


54 


31 


81 $ S. P. 


3 


6 


30 


4 


3 


24 


54 


85 A S.P. 


5 


9 


8 


26 


1 


26 


30 


« S. P. 


2 


12 


57 


16 


1 


38 


46 


59? 


4 


15 


50 


38 


11 


39 


35 


76 6 


4 


17 


4 


39 


7 


41 


10 


4(Bode) S.P. 


6 


17 


51 


48 


0 


54 


31 


81 8 . 


3 


18 


30 


4 


3 


24 


54 


85 A 


5 


21 


8 


26 


1 


26 


30 



In my allusions, however, to the non-employment of the superior and 
inferior transits of circumpolar stars, I would wish it to be understood, that 
I by no means include, our own great national establishment : herei as the 
observations will attest, the transit of Polaris is regularly taken below the 
pole as well as above it. Still, this is by no means general, nor will the prin- 
ciple be followed elsewhere as it ought, till further facilities are afforded. 
The time, however, is 1 hope not far distant when every instrument will break 
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the trammels which have so long disgraced it; and when, instead of noting 
as at present « Examined the instrument by the meridian mark, and finding- 
it to deviate so and so, corrected it ;"_ we shall have the more philosophic and 
more rational memento,— «' Examined the position of the instrument, by the 
superior and inferior transits of so and so, or so and so, and found it rigorously 
in the plane of the meridian." 

Btockman-street, Dec. 14, 1821. J ' S ° UTH * 



In the absence of the necessary corrections in right ascension, of the 6 cir- 
cumpolar stars more immediately proposed, for ascertaining accuracy in in- 
strumental position, I have been favoured by Mr. Herschel, with the following 
formula and table, whereby the alteration in the apparent right ascension of 
either of them may be found, and applied to the preceding observed transit, 
whether superior or inferior; rendering therefore the immediate employ- 
ment of them for this purpose, perfectly unobjectionable. 

If O represent the sun's longitude on any assigned day, and A, i, and N 
certain constant elements determined for any star by the following equa- 
tions, * « » . 

A=0004«028+0 0018304. sih RA. tan Decl. 
tan N=cos. obliq xcot. RA. 

i= -0 01 176304. R * ■ 

cos. N. cos. Decl. 

the semidiurnal variation in the apparent place of the star in right ascension 
will be represented by the formula 

A+t. cos. (G+N). 
The annexed table exhibits the values of A, i, and N, for each of the six 
circumpolar stars alluded to in this paper. 



Star's Name. 


Values of 
h 


Values of 
i 


Values of 


Polaris. 

4 Urs© Minoris. 
59 K Urs. Min. 
76 s Urs. Min. 
81 $ Urs. Min 
85 A Urs. Min. 


+0-019953 
-0-119333 
-0-003291 
-0-008966 
-0-026206 
-0-045299 


+0-377820 
+0-742150 
—0056871 
-0-087551 
-0-197210 
—0-447220 


+ 2 8 14° 27' 
+ 11 26 20 
+ 10 29 51 
+ 0 12 44 
+ 11 23 6 
+ 10 15 22 



Calculating upon these data, the following table has been constructed, in 
which the value of the expression h+i. cos. (O+N.) is given for each of 
vot. i, part. ii. 2 k 
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the above stars for the first day of every month ; which will be sufficient for all 
ordinary purposes, and which an easy interpolation will render applicable to 
any assigned day, and for any number of years past and to come. 



Table of the Semidiurnal Variations of the Apparent Right Ascension of 
Circumpolar Stars, for the first Day of each Month, in seconds of time. 



Date. 


Polaris. 


4 Urs. 
Min. 


£ Urs. 
Min. 


e Urs. 
Min. 


8 Urs. 
Min. 


A. Urs. 
Min. 


January 1st. 


+ 0.390 


+0.209 


—0.022 


+0.026 


—0.013 


— 0.296 


February 1st. 


+0.358 


+0.581 


+ 0.009 


+0.063 


+0.088 


-00 5 


March 1st. 


+0.237 


+0.801 


+0.033 


+ 0.078 


+0.145 


+ 0.149 


April 1st. 


+0.049 


+0.854 


+ 0.050 


+ 0.071 


+0.170 


+0.328 


May 1st. 


-0.139 


+ 0.713 


+0.053 


+0.043 


+ 0.138 


+0.401 


June 1st. 


-0.289 


+0.412 


+0.040 


+ 0.002 


+0.062 


+0.358 


July 1st. 


-0.355 


+0.020 


+ 0.017 


-0.041 


-0.033 


+0.215 


August 1st. 


-0.328 


—0.305 


-0.012 


-0.077 


-0.130 


+0.002 


September 1st. 


-0.208 


-0.551 


-0.039 


-0.095 


-0.200 


-0.226 


October 1st. 


-0.031 


-0.620 


-0.056 


-0.091 


-0.223 


-0.403 


November 1st. 


+0.167 


-0.489 


-0.060 


-0.064 


-0.194 


-0.490 


December 1st. 


+0.323 


-0.192 


-0.039 


-0.022 


-0.119 


-0.453 


January 1st. 


+0.396 


+0.209 


-0.022 


+0.026 


-0.013 


-0.296 
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XIX. Tables of the Semidiameter of the Moon in Time, #c. 
By William Lambert, Esq. 

Read December 14, 1821. 



SlB, City of Washington, October 8, 1821. 

I HAVE the honour to transmit, for the acceptance of the useful and 
learned Society of which you are President, two Tables for ascertaining 
with sufficient accuracy the moon's semidiameter in time, or the interval 
of passage from either limb to the centre, in transits over the meridian. 
The tables of this kind hitherto published not being in my opinion so 
correct and extensive as they ought to be, the inclosed are submitted as an 
improvement on any I have yet seen, for the construction of which the 
rule has been given. This method is, perhaps, inferior to none yet devised 
for the determination of the longitude with due precision, especially when 
the distance between two meridians required to be found (considering the 
form of the earth to be that of a perfect sphere) shall have been reduced 
to the distance according to its true or spheroidal figure. The ratio of the 
equatorial diameter to the polar axis, which I have assumed in my calcu- 
lations to ascertain our longitude from Greenwich and Paris Observatories, 
being as 320 to 319, I make the reduction in longitude = 2' 13".84 and 
2' 17".91 respectively, admitting the distance to be from the capitol in 
this city — 

To Greenwich . 76 57 45 1 £ 

Paris Observatory .... 79 17 57 J 

I have the honour to be 

Your most obedient Servant, 

William Lambert. 

To the President of . 
The Astronomical Society, London. 

2k 2 
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XX. Observations of the Planets during the Period of their respective 
Oppositions in 1820, 1821, and 1822: with the Computation of their 
Geocentric Longitudes and Latitudes, by means of the assumed Parallax 
therein mentioned, and of his own Tables of Refraction. 

By S. Groom bridge, Esq. F.R.S. 

Read April 12, 1822. 









PALLAS. 












Observed 




Computed 


1820. 


Mean Time. 


Rt. Ascen. 


Declination. 




Longitude. 


Latitude. 








South. 


Par. 






Feb. 1 


h / II 


Q 1 II 


o / // 






0 1 II 


9 42 57.4 


96 45 6.6 


25 32 13.7 


-6.1 


99 15 54.7 


48 47 4.0 S. 


4 


9 30 22.0 


96 33 10.2 


24 30 48.1 




98 53 18.1 


47 46 32.0 


6 


9 22 8.6 


96 27 45.0 


23 49 10.4 




98 41 59.8 


47 5 57.5 


10 


9 6 4.5 


96 22 35.4 


22 19 58.0 




98 26 41.6 


45 36 37.1 


16 


8 43 0.4 


96 30 28.2 


20 1 36.7 




98 24 49.8 


43 18 4.7 


17 


8 39 16.4 


96 33 26.7 


19 37 58.7 


— 5.7 


98 26 38.8 


42 54 19.0 








CERES. 














North. 


Par. 






Feb. 1 


11 49 37.6 


128 30 18.9 


31 29 3.2 


+ 1.87 


122 55 5.1 


12 19 4.7 N. 


,4 


11 34 57.2 


127 47 5.7 


31 44 49.4 




122 14 33.3 


12 25 4.3 


10 


11 5 53.7 


126 24 49.8 


32 11 3.4 




120 58 39.7 


12 33 19.8 


16 


10 37 25.5 


125 li 27.3 


32 29 41.0 




119 52 25.4 


12 36 37.2 


17 


10 32 45.5 


125 0 23.1 


32 32 1.8 


+ 1.72 


119 42 33.6 


12 36 42-6 
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JUPITER. 







Observed 




Compu 


1820. 


Mean Time. 


Rt. Ascen. 


Declination. 




Longitude. 








South. 


Par. 


o / // 

348 26 10.8 


Sept. 9 
10 


h / " 

12 4 9.5 


O / U 

349 58 38.4 


0 / h 

5 59 57.1 


-1.8 


11 59 44.1 


349 51 15.4 


6 3 8.9 




348 18 10.2 


11 


11 55 18.8 


349 43 56.1 


6 6 18.5 




348 10 13.7 


12 


11 50 53.8' 


349 36 36.0 


6 9 30.9 

SATURN. 
North. 


Par. 


348 2 15.5 


Oct. 1 


11 59 27.5 


10 29 0.0 


1 33 6.2 


+0.8 


10 14 35.5 




11 55 14.2 


10 24 39.6 


1 31 13.8 




10 9 51.7 


3 


11 51 0.8 


10 20 19.8 


1 29 23.1 
VESTA. 




10 5 9.1 


1821. 






North. 


Par. 


113 39 41.2 


1 Tan 19 


12 15 3.4 


115 54 56.6 


23 24 32.2 


+ 1.6 


1 14 


12 5 0.2 


115 22 3.0 


23 35 45.3 




113 8 1.3 


1 16 


11 54 56.4 


1 1 A Aft Vt 1 


23 46 45.1 




112 36 15.8 


1 20 


11 34 50.6 


11^ A"? 15 0 


24 8 2.8 




111 33 29.6 


I Feb. 2 


10 30 47.3 


110 28 36.0 

X XV/ a«U %J\J • v 


25 7 13.8 




108 29 28.9 


1 5 


10 16 28.5 


i no 5n &% <z 


25 18 23.6 




107 53 56.9 


1 7 


10 7 4.2 




25 25 14.6 

PALLAS. 
North. 


Par 


107 32 13.4 


|May 8 


13 28 22.5 


248 37 52.8 


24 11 9.3 


+ 1.5 


241 39 12.9 


1 12 


13 9 34.1 


247 51 33.6 


24 44 15.0 




240 30 6.5 


1 15 


12 55 21.8 


247 15 18.0 


25 5 33.0 




239 37 7.9 


1 16 


12 50 36.5 


247 2 54.0 


25 12 5.1 




239 19 12.2 


1 18 


12 41 4.8 


246 37 53.4 


25 24 20.3 




238 43 18.4 


1 2C 


12 31 32.3 


246 12 39.4 


25 34 59.5 




238 7 36.0 


I 22 


1 12 17 10.8 


245 34 5.4 


25 48 32.5 




237 13 54.0 


1 * ( 


J 12 2 49.5 


244 55 35.8 


1 25 59 3.9 




236 21 21.0 


1 3C 


) 11 43 41.7 


244 4 27.e 


\ 26 8 24.4 




235 13 17.0 



Latitude. 



1 32 37.7 S. 
1 32 41.1 
1 32 44.6 
1 32 50.0 



2 43 38.2 S. 
2 43 39.6 
2 43 39.6 



2 2 58.0 N. 
2 8 48.9 
2 14 31.9 
2 25 42.3 

2 57 40.9 

3 4 1.7 
3 8 0.3 



45 34 9.8 N. 

45 57 35.1 

46 11 9.7 
46 15 1.4 
46 21 49.9 
46 26 56.0 
46 31 53.2 
46 33 42.2 
46 31 18.1 
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CERES. 












Observed 




Computed 


1821. 


Mean Time. 


Rt. A seen. 


Declination. 




Longitude. 


Latitude. 








aoutn. 


Par. 






Mav 1<? 


h I u 


0 1 u 


O 1 II 




O 1 II 


Ol n 


19 AH <91 n 


242 32 26.1 


14 44 17.8 




243 20 47.9 


6 13 16.7 N. 


15 


12 33 50.2 


241 51 30.9 


14 46 0.3 




242 42 1.2 


6 4 11.5 


16 


12 28 58.6 


241 37 33.6 


14 46 37.4 




242 28 48.9 


6 1 1.7 


18 


12 19 14.9 


241 9 31.8 


14 47 57.6 




242 2 19.7 


5 54 31.2 


20 


12 9 30.4 


240 41 16.3 


14 49 22.1 




241 35 39,9 


5 47 49.3 


23 


11 54 52.6 


239 58 36.9 


14 51 46.7 




240 55 31.6 


5 37 17.7 


26 


11 40 15.6 


239 16 12.4 


14 54 29.1 




OAA 1ft A ft ct 


ft cut at a 


30 


11 20 49.2 


238 20 23.2 


14 58 52.4 




09Q 09 /1A ft 


ft ir> R9 a 
O lis OJ.Z 






GEORGIAN. 












South. 


Par. 






June 18 


12 18 5.5 


271 25 26.8 


23 42 35.2 


-0.5 


271 18 14.0 


0 15 3.8 S. 


20 


12 9 52.7 


271 20 9.0 


23 42 40.9 




271 13 23.0 


0 15 6.4 


23 


11 57 32.8 


271 12 7.5 


23 42 48.3 




271 6 2.1 


0 15 10.2 








SATURN. 














North. 


Par. 






Oct 13 


12 2 14.2 


22 46 13.8 


6 32 16.0 


^r-0.7 


23 29 12.0 


2 47 22.6 S. 


14 


11 58 0.7 


22 41 49.2 


6 30 27.9 




23 24 27.5 


2 47 26.5 


15 


11 53 47.1 


22 37 23.4 


6 28 43.3 




23 19 43.1 


2 47 26.6 


16 


11 49 33.5 


22 32 57.6 


6 26 57.9 




23 14 58.4 


2 47 27.3 


20 


11 32 39.2 


22 15 15.6 


6 20 3.4 




22 56 3.1 


2 47 "23.7 


22 


11 24 11.7 


22 6 17.7 


6 16 37.5 




22 46 29.5 


2 47 17.6 








JUPWER. 














North. 


Par. 






Oct. 13 


12 9 19.2 


24 32 47.1 


8 31 47.3 


+ 1.5 


25 51 16.5 


1 34 38.4 S. 


14 


12 4 53.1 


24 25 13.5 


8 28 49.5 




25 43 13.9 


1 34 41.5 


15 


12 0 27.0 


24 17 39.3 


8 25 56.2 




25 35 12.2 


1 34 40.0 


16 


11 56 0.9 


24 10 4.2 


8 22 59.9 




25 27 8.5 


1 34 40.7 


20 


11 38 15.1 


23 39 27.6 


8 11 22.7 




24 54 41.3 


1 34 27.8 


22 


11 29 22.6 


23 24 15.3 


8 5 37.5 




24 38 34.1 


1 34 19.7 
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Mr. GroombridgeS Observations of the Planets 



1842. 



Mean Time. 



Feb. 14 


12 43 58.2 


15 


12 38 32.3 


17 


12 27 37.8 


18 


12 22 10.0 


19 


12 16 41.8 


21 


12 5 44.8 


i 22 


12 0 16.2 



MARS. 

Observed 
Rt. Ascen. Declination. 



155 27 13.6 
155 4 39.9 
154 18 51.4 
153 55 49.8 
153 32 39.9 
152 46 15.6 
152 23 0.0 



North. 

O I II 

15 0 33.1 
15 9 6.2 
15 25 56.4 
15 34 -11.8 
15 42 24.4 

15 58 15.8 

16 6 0.8 



Par. 
+7.5 



Computed 



Longitude* 



151 
151 
150 
150 
149 
149 
148 



Latitude. 



I u 

47 40.1 
24 11.6 

36 46.1 
13 1.2 
49 11.0 

I 40.5 

37 57.2 



4 27 48.$ N- 
4 27 52.2 
4 27 37.0 
4 27 21.0 
4 27 1.4 
4 25 56.0 
4 25 15.3 
I 



Feb. 14 


46 Leonis. 


155 40 55.0 


15 


449 Mayer do. 


154 49 50.7 


17 


449 Do. 


154 49 53.1 


19 


42 Leonis. 


153 4 26.1 


21 


42 Do. 


153 4 28.6 


22 


42 Do. 


153 4 28.0 



May 14 21 1 22.1 



I June 12 
13 
14 
17 
18 
19 



21 0 41.2 
21 0 5.6 
20 59 49.9 
20 59 36.0 



12 17 57.5 
12 13 0.5 
12 8 3.4 
11 53 11.3 
11 48 13.9 
11 43 16.5 



Stars observed with MARS for Parallax 
North. 
15 2 32.2 
15 14 44.0 
15 14 43.3 
15 51 57.8 
15 51 56.6 
15 51 56.4 

VENUS. 
North. 
7 51 57.0 2 1 5.8 
9 40 0.0 2 37 4.6 

11 29 19.9 3 14 10.1 

12 24 31.5 3 33 3.9 

13 20 10.5 3 52 6.8 

VBSTA. 

South. Par. 

265 14 20.7 18 50 0.0 -7.2 265 

264 59 2.2 18 53 39.5 265 

264 43 42.6 18 57 21.3 265 

263 57 28.8 19 8 31.1 264 

263 42 2.4 19 12 19.3 264 

263 26 39.0 i9 16 15.6 263 47 50.4 



Par. 




116 0.7 S 


+10.0 


8 1 15.7 


9.7 


9 54 41.5 


1 25 26.2 


9.3 


11 49 43.4 


1 34 3.1 


9.2 


12 47 51.1 


1 38 8.1 


9.0 


13 46 26.9 


1 42 9.0 



28 48.5 
14 24.6 

0 0.6 
16 39.7 

2 13.0 



4 33 31.1 N. 
4 29 22.2 
4 25 9.4 
4 12 16.9 
4 7 51.4 
4 3 16.3 
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GEORGIAN. 










Observed 




Computed 


1822. 


Mean Time. 


Rt. Ascen. 


Declination. 




Longitude. 


Latitude. 








South. 


Par 
rail 






June 25 


h / // 


o t II 


0 1 It 




0 / It 


o / a 


12 9 38.5 


275 58 2.7 


23 39 40.7 


-0.5 


275 27 51.3 


0 18 34.9 S. 


27 


12 1 25.4 


275 52 43.5 


23 39 51.4 




275 22 58.7 


0 18 33.7 


20 


11 53 12.2 


275 47 22.5 


23 40 4.2 




275 18 4.4 


0 18 34.7 


30 


11 49 6.0 


275 44 48.6 


23 40 11.0 




275 15 43.3 


0 18 35.7 








JUNO. 








1823. 






North. 


Par. 






Jan. 9 


12 32 35.4 


116 52 46.8 


1 21 57.5 


+ 5.3 


118 38 41.0 


19 27 39.9 S. 


11 


12 22 57.1 


116 26 4.5 


1 34 9.7 


5.3 


118 8 26.6 


19 20 44.3 


18 


11 49 8.5 


114 51 30.4 


2 24 49.6 


5.2 


116 20 20.5 


18 48 9.5 


,Feb. 4 


10 29 27.9 


111 38 28.8 


5 1 13.9 


4.7 


112 33 36.7 


16 45 43.1 


21 


9 16 47.7 


110 10 48.0 


7 51 34.8 


4.1 


110 38 14.0 


14 10 4.8 


26 


8 57 4.7 


110 9 55.8 


8 38 53.8 


3.9 


110 30 28.2 


13 23 22.1 



Blackheath. S. Groombridge. 
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XXI. On the Triangulation of the Cape of Good Hope. By Captain 
G. Everest, of the Bengal Artillery, 8$c. 



Read May 10, 1822. 



Sir, East India House, Jan. 10, 1822. 

The Court of Directors of the East India Company having received from 
Captain George Everest, an officer in their service in the Artillery on the 
Bengal establishment, a copy of a letter which he lately had occasion to 
write to Colonel William Lambton, Superintendant of the Trigonometrical 
Survey of India, upon the subject of the geodetical operations which were 
carried on at the Cape of Good Hope during the last century, accompanied by 
the request of Captain Everest, that a copy thereof might be furnished to 
you as President of the Astronomical Society ; I am accordingly commanded 
by the Court to transmit to you a copy of the said letter. 

I have the honour to be, 
Sir, 

Your most obedient humble servant, 

Joseph Dart, Secretary. 

Sir William Hf.rschel, 
President of the Astronomical Society. 
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Captain Everest on the Triangulation 



To Joseph Dart, Esq. Secretary to the Honourable the Court of 



I take the liberty to solicit that the inclosed paper may be submitted to the 
notice of the Honourable the Court of Directors by as early an opportunity 
as may be convenient ; with a request from me that, should it be deemed un- 
objectionable, it may be forwarded, under their auspices, to Sir William 
Herschel, President of the Astronomical Society. 

It is the copy of a letter which I have lately had occasion to write to Colo- 
nel W. Lambton upon the subject of those geodetical operations which were 
carried on at the Cape of Good Hope during the last century ; and they are 
particularly important from their furnishing the only data the scientific world 
is in possession of respecting the compression of the southern hemisphere. We 
have in fact meridional arcs, determined in several different parallels of lati- 
tude in the northern hemisphere, but all leading to results very different 
from those of ftL De la Caille; and as the most splendid of these, whether 
we regard its accuracy or extent, is beyond doubt that which owes its origin 
to the patronage of the Honourable the East India Company, it is a fair pre- 
sumption that the Honourable the Court of Directors will not view the pre- 
sent, my humble attempt to clear up this serious anomaly, with indifference. 
I rest persuaded that I shall not be considered as unnecessarily intruding 
myself upon the time and attention of that Court, in whose service I have 
passed the prime of my life and youth, and under whose patronage, if the 
effects of climate do not. blast my prospects, I look forward to the cheering 
hope of taking an ample share in the measurement of the arc now in progress 
towards Agra and Hurdwar ; which, if it be completed, will exceed every 
other the world has yet witnessed, in the ratio of nearly 3 to 1, and be suf- 
ficient in itself to establish the compression of the globe independently of 
any other data. 

The apparent informality of transmitting a copy of my letter directly to 
you, will I trust be overlooked by the Honourable Court. The matter of it, 
concerning the scientific world at large, has no more reference to India than 
to England, France, Italy, or America ; it has been sent in this channel, 
therefore, purely to avoid the loss of time which would arise from travelling 
by a circuitous route : and I know the liberality of my friend Colonel Lambton 



Directors. 



Sir, 



Cape Town, Cape of Good Hope, 
September 3, 1831. 
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sufficiently well to be convinced that such a procedure will be attributed by 
him to the right motive, and cannot be unpleasing to him. 

The matter and manner of my report are I believe perfectly original ; as 
for as concerns me, they certainly are ; for I am not aware that any attempt 
has hitherto been made to reconcile the contradictory conclusions which it 
relates to. A gentleman, who was formerly assistant to Lieut. -Colonel Lamb- 
ton, (Captain Warren, of His Majesty's 33d Foot,) was some years ago, 
when he passed the Cape of Good Hope, extremely desirous to obtain informa- 
tion relating to the subject, and left a memorandum to that effect lyith the 
Colonial Secretary, by which it appears, that he was authorized to commu- 
nicate to the Royal Society any discovery he made : but the records of the 
Colonial Government and all the public and private libraries at the place were 
searched at my request in vain ; and I know perfectly well, that the country 
now described has not, within the memory of any individual residing theTe, 
been subjected to a scientific examination since the year 1752. 

With many apologies for intruding thus largely upon your valuable time, 
permit me to subscribe myself, 

Sir, 

Your most obedient and very faithful servant, 

(Signed) George Everest, 

Capt. Bengal Artillery, Chief Assistant of 
the Geod. Trig. Surv. of India. 
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Captain Everest on the Triangulation 



To Lieutenant-Colonel Wxlliam Lambton, H.M. 33d Foot* 

Cape Town, Ope of Good Hope, 
Sm 3 August 31, 1821. 

It will be in your recollection, that on my departure from Hyderabad in 
August 1820, you expressed a desire that I should, in the event of my pro- 
ceeding to the Cape of Good Hope, examine the tract of country in which the 
geodetical operations of M. I'Abbe De la Caille were conducted ; and I now 
proceed to acquaint you with the fulfilment of your wishes. 

You are already aware that I arrived in Table Bay on the 25th of Novem- 
ber 1820; immediately on which I commenced my inquiries; but as no in- 
formation could be obtained on the spot, I directly applied to a correspondent 
in England for such papers as related to the object of my search; and, in 
effect, by the latter end of June of this year, a journal of M. De la Caille's 
Travels reached me, so that I was enabled by the 26th of July to visit the 
places described as the sites of his stations, and in fact to traverse the whole 
theatre of his labours. 

It will appear from the plan in the margin*, that besides the two extremes of 
- the base, there were four principal stations, forming two large triangles united 
together by a common side ; the celestial observation having been made at the 
two vertices, which are separated from each other by a distance of about 79 
miles. The two middle stations terminating the common side are Capok Berg 
and Riebek's Castle, lying nearly east and west of each other. The station 
forming the northern termination of the arc is Klip Ponteyn, and that to the 
southward, was I conclude the site of M. P Abbe's Observatory at Cape Town. 
The base appears to have passed in a direction a little northward of East, the 
southernmost point lying near Klip Berg, and the northernmost near an 
estate called Coggera. This being premised, I will'now proceed to describe 
the existing condition of the station, and what decisive marks I have been 
enabled to trace on them. 

t Capok Berg is a rounded hill, of easy ascent, belonging to a range of gra- 
nite, which runs at the back of the Moravian Missionary Settlement at Greene 
Kloof; and I should estimate its height at about 600 feet. At the highest 
point of the level of the hill, and at the western side, is a solid rock of consi- 
derable area, with a smaller one on the northern side, as described in page 173 
of the Journal ; and as the angles taken from this correspond with those in the 

* Plate III. ~ 
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plan of triangles, I consider the identity of this station to be satisfactorily 
established, though it is to be regretted that no artificial marks now remain 
there. Its particular features are specified in page 173 of the Journal now in 
my^ possession, under the Mem. of 6 Aoust 1752. 

Riebek's Castle is the next station in order to be described. The mountain 
so called, whose height I should think cannot be less than 1500 feet, is a lofty 
chain of sandstone, running nearly N.W. and S.E., of about two miles and a 
half in length at the summit, and divided into several different peaks, on the 
second of which, reckoning from the N.W., there are the remains of an old 
pile of stones, having (about five feet to its N.W.) a considerable quantity of 
half-burned wood in a state of partial decay. As this is the peak particularly 
adverted to in the Journal, and we know from other certain information that 
the signals were made by blazing fires, I think no doubt can remain of its 
identity. 

In reference to the base, the following remark is extracted from page 174 of 
the Abbe De la Caille's Journal : — " Aoust 1 1, 1752. J'allai a cheval dans la 
plaine qui est au nord de la montagne appellee Contreberg, pour chercher un 
terrein propre a mesurer une base ; cette plaine est tres etendue et fort unie, 
mais un peu embarrassee de broussailles ; j'ai pris pour terme sud de la mesure 
une roche qui paroit &re de marbre blanc, et qui est sur un petit tertre ; elle 
est tres remarquable ; j'ai trouve qu'en elignant la base au nord on la pouvoit 
prolonger autant qu'il etoit necessaire." — Hence, therefore, and from know- 
ing nearly the angles subtended at the south end of the base between Capok 
Berg, Riebek's Castle, and the detached mountain at the back of Klip Fon- 
teyn, with the distant appearances of which I had taken care to make myself 
acquainted, it became a work of no great difficulty to detect the approximate 
site of the point to be sought; and in effect, after frequent measurements, I 
at last came to a spot between the estate of Klip Berg and another estate 
bearing also the name of Klip Fonteyn, where a ridge of quartz rock, some- 
what resembling marble in whiteness and lustre, protrudes itself through the 
soil, and where the angles answered the given conditions. 

This therefore, it appears to me, is doubtless the spot alluded to in the 
description ; for though neither the quartz rock in question is so remarkable 
as might be expected, nor are there any artificial marks remaining to denote 
it, yet a constant exposure to the atmosphere for a lapse of seventy years is 
probably sufficient to account for the obliteration of the latter, as well as any 
distinguishing features which the rock itself may formerly have borne. 

2m2 
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Captain Everest on the Triangulation 



The northern extremity of the base, viewed from the southern, is in the 
Plan at an angle of 27° with the station of Riebek's Castle ; so that by assum- 
ing a distant point, and proceeding in a straight direction towards it, I was 
enabled, after several trials, to reach a small mound of raised earth in the vi- 
cinity of Coggera, where, the angles between Riebek's Castle, Capok Berg, 
and the hill behind Klip Fonteyn, nearly corresponded with those taken from 
the Plan ; and though here there are neither artificial nor natural marks to de- 
signate the site of the station, yet so little doubt remains in my mind of its 
being the point to be sought, that I consider myself warranted in offering the 
following remarks as drawn from an actual inspection of the tract of land 
through which the base line passed. 

The soil is throughout a mixture of sand and clay, rather light than other- 
wise, but still sufficiently solid and substantial. The surface is undulated and 
irregular ; and though there are neither rivers nor deep ravines, nor large 
forests, yet it is covered thickly with small bushes and brushwood ; and there 
are at the present day inequalities enough to render such a measurement at 
least dubious, if it were performed by any of the means then in common use. 
The Abbe De la Caille's biographer does not in the Journal (and I regret 
to say this is the only work upon the subject yet in my possession) enter into 
any of the scientific details ; but we know that the more refined corrections 
were introduced into practice at a period long subsequent to the year 1752; 
and the fact seems to me to be beyond doubt, that the plain to the north of 
Capok Berg and Contre Berg is no where sufficiently level and even to admit 
of an operation so delicate in its nature, unless indeed the chain were sup- 
ported by Coffer's tripods and such other apparatus, as there is every reason 
to conclude M. De la Caille was not supplied with, since no hint leading to 
such a supposition is any where thrown out in the work before me. I speak 
of course of the face of the country as it at present stands ; what it may-have 
been seventy years ago is another affair, though I do not find on inquiry any 
individuals now in existence within whose remembrance any considerable 
change has taken place. 

It would seem by the following extract from M. De la Caille's Journal, 
page 144, that he had originally intended to establish the northernmost station 
of his triangles at the summit of a mountain detached from the great range of 
Piquet Berg :— September 7, 1751. " J'ai ete sur une des montagnes de la 
premiere chaine, dont je viens de parler. Cette montagne s'appelle Capok 
Berg, &c. &c ; j'ai vu une montagne fort eloignee dont une des extre- 
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mites etoit presque dans le nord, et fort propre pour terminer la mesure d'un 
degre. Depuis cette montagne en allant par l'est vers le sud, l'horizon est 
borde de hautes montagnes." He however mentions afterwards, page 180, 
that his sector was erected in an old granary belonging to Klip Ponteyn for the 
following reasons : — I4th September, 1752. " En general on y voit tout ce 
qu'on eut pu decouvrir du sommet du Piquet Berg ou de la montagne voisine ; 
c'est pour cela que je n'ai pas place des signaux sur ces montagnes pour termi- 
ner mes triangles ; mais que j'ai marque un point pris a 36 toises a l'ouest de 
mon observatoire a fin d'y faire des feux pour former mon dernier triangle." 
Now in reference to this matter, it may not be amiss to mention, that the 
daughter of the quondam proprietor of Klip Ponteyn, now an aged lady 
named Letchie Schalkeveck, is still in existence, and not only gives a nar- 
ration perfectly agreeing, but has pointed out the very platform on which the 
granary once stood ; and states further, that the signal-fires were so large and 
brilliant, that those of Riebek's Castle were visible from Klip Ponteyn, a di- 
stance of more than forty-five miles, with the naked eye at night. The same 
lady relates also, that the Abbe De la Caille observed the stars with his in- 
strument (the sector I suppose) in the granary (an aperture having been made 
in the thatched roof for the purpose), until the day when the fires were 
lighted ; when, having previously sent M. Poitevin his assistant to make si- 
multaneous observations at Riebek's Castle, he placed it, or some other, at some 
paces in front of the fire : and as this account tallies with what I have before 
observed in my remark respecting Riebek's Castle, it leads directly to the ex- 
traordinary conclusion, that not only the signals in these operations were ill 
defined, but that the instrument for measuring the horizontal angles was not 
placed over the centres of the stations. The above remarks relate particularly 
to the terrestrial measurements : we come now to the subject of M. De la 
Caille's celestial observations, which, from their superior delicacy and the im- 
portant consequences attending any errors committed in them, will demand a 
more minute investigation. 

The granary at Klip Ponteyn, which is beyond doubt the northern termina- 
tion of the arc, is in the immediate vicinity of a very extensive range of sand- 
stone mountains called Piquet Berg, some of the peaks in which I should think 
cannot be less than 2000 feet in height ; and it is at the foot of the detached 
hill at the back of Klip Ponteyn, already so often alluded to, which rises, I 
should conclude, to the height of 700 feet, so that the whole horizon from the 
N.E. to the S.W. is completely inclosed by mountainous masses ; whilst on 
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the opposite quarter is an open country without any counterbalancing ; matter 
whatever. The masses are so irregular, that it would be a work of extreme 
3S if not of absolute impossibility, to calculate the attracts which they 

has preceded, that if any such lateral attraction did exist, .t would he all on 
one side, and principally in a N.W. direction. 

The last staL to be noticed is that at the southern terminate of the arc, 
which I have been enabled satisfactorily to trace |o » parUcular 1 ouse m 
Strand Street, Cape Town, adjoining the one in which I reside ; and as this 
ma y be an interesting subject for you hereafter sha P«*^^ 
grounds which have led me to this conclusion. The Abbe De la Caiixbs 
Journal, page 140, contains the following passage bearing immediately upon 
the question :-21st April, 1751. " Nous logeons chefc M. Bestbier, Capitame 
de laCavalerie Bourgeoise, chez qui je trouve un endroit propre pour observer, 
en y faisant batir un observatoire pour y placer mes instrument* JNow, as 
the house of M. Bestbier was in the memory of a person* living in JNo. 
Strand Street, the present residence of Mr. De Witt, this circumstance 
would almost be sufficient to establish its identity with the point in question 
but there is a mark in existence which furnishes another corroborating tect, 
namely, that a brass plate perforated with a small hole, and fixed homontaUy 
in a vertical wall, with a black line traced immediately below it, for the obvious 
purpose of determining the sun's passage over the meridian, still stands at 
Mr. De Witt's house, and is said to have been placed there by the ADDe 
De la Caille. . 

The erection of M. 1' Abbe's observatory is stated in the Journal to nave 
been commenced on Monday subsequent to the 24th of April, and to have 
been finished on the 17th of May following ; and as it was performed by the 
Government workmen, it could not have been a very substantial fabric. 1 ne 
probability is, that he took advantage of Mr. Bestbiee's house having a flat 
roof ; and if that were the case, it is very easy to imagine that extensive errors 
may have arisen from placing his instrument on so frail a basis. 

But were it even admitted that the observatory had been unobjectionable in 
respect to stability, still its situation must have rendered it highly mel W** 
for the delicate operation depending on it. It is well known that Cape 1 o 
lies at the very base of Table Mountain, a vast formation of sandstone in nor - 

* A female slave belonging to Mrs. Hertzog is the person alluded to. 
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zontal strata rising above a sienitic or granitic base for the upper half of its 
height, like a mighty wall, quite bare, towering and precipitous ; the lower 
half of the mountain being formed apparently of debris, which slopes gradu- 
ally till it reaches the ocean. This immense mass, including the Devil's Hill, 
which forms in fact part of the same land as the Table, though the continuity 
of the upper strata is broken through by a considerable intervening chasm, 
occupies the horizon between S.E. 22f a and S.W. 27°, and averages between 
13° and 14° of elevation from the house in question ; further southward it ex- 
tends with various heights for the distance of about thirty-five miles, and ulti- 
mately forms the peninsula of the Cape of Good Hope. The mountain called 
The Lion occupies the horizon from N. 72|° W.to S. 66° W., and is distinct 
from the Table ; for though it was probably in the origin of the same forma- 
tion, yet it is now quite different in its features, being rounded off, of easy 
ascent, and covered with soil ; the small part, called The Lion's Head, is how- 
ever formed of horizontal strata similarly disposed with those of Table Moun- 
tain, and the bases of the two run into each other, the uniting ridge being 
about 800 feet high, and apparently formed from the debris of each. 

The Abbe De la Caille, when he was here in 1751 and 1752, had taken 
the heights of all the different eminences in the environs, and left a record at 
the request of the Colonial Government, in the Secretary's office, of which a 
copy being still in existence, I have made use of it to ascertain the relative 
approximate distances of the peaks by observing the angles of elevation and 
azimuth from the roof of the house adjoining that on which was the site of 
the observatory, considering the distances as radii to be determined by the 
heights as tangents. This method of course is rough, and admits of no great 
nicety ; but it is sufficient to convey a general notion of the localities of this 
vicinity, and with that view I subjoin the following table. 



Names. 


Height * 


Elevation 
Angles. 


Dist* 


Directions with the True 
Meridian. 


Devil's Hill .... 


3106 


13° 55' 


12,350 


22J° S.E. 


_ C Eastern Extreme . 
Table} 

( Western Ditto . 


3302 
3353 


13 12 
13 26 


13,880 
13,850 


2° S.E. } The surface included be- 
> tween these two rays is 
27° S.W. 3 * er y solid and compact. 


Lion's Head .... 


2085 


10 39 


10,850 


66° S.W. 


Lion's Rump . . . 


1102 


10 24 


5,760 


72J° N.W. 



* The heights and distances are all in Paris feet, which are to English feet as 4.263 to 4.000. 
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Now it appears to me, that so vast a quantity of matter could not have 
existed so near to the site of the observatory without affecting the plumb-line 
of the instrument used by M. De la Caille in 1751, 1752. The lateral force 
exerted by mountains was certainly known to the scientific world at that 
period ; for in the year 1738, MM. Bouguer and De la Condamine had at- 
tempted to calculate the attraction of Chimboraso : perhaps, indeed, M. De 
la Caille may have made some calculation to this effect ; for I must candidly 
avow, that I have never been so fortunate as to read any of his papers in the 
Memoirs of the Academy of Sciences ; but if he did, it is a great chance, con- 
sidering the failure of the celebrated geodists who measured the arc near 
Quito, that he did not arrive at any accurate conclusion. For the present, 
therefore, I shall suppose that there was no correction applied on this account, 
but that the plumb-line of his sector was drawn out of the vertical by a lateral 
force at the southern extremity of the arc, in a direction of S.W. A 0 , and that 
the resolved part of this force parallel to the plane of the meridian was such as 
to cause the zero to stand at a" too much to the southward ; by which means 
his zenith would be affected in the opposite direction, and would appear more 
to the northward than was due by an equal arc. Similarly, if the resolved 
part of a lateral force exerted by the mountains at Klip Fonteyn caused the 
zero to stand 6" too much to the northward, the zenith of that place would 
have appeared V to the southward of the true place, and thus the whole appa- 
rent arc of amplitude would have been less than the true one by the sum 
a"+6" of the two arcs of error, or, what is the same thing, the measure of the 
arc would have been too great. 

If this reasoning be admitted (as I think it must), we may perhaps be able to 
reconcile some considerable discrepancies to which the geodetical operations in 
question have given rise ; for if the earth be an ellipsoid of revolution, whose 
meridional arcs increase in a certain ratio as we advance from the equator to 
the poles, it is evident that, on comparing the measurement in this latitude 
with that made nearer the equator, the ratio of increase would be too great; 
and, on the contrary, if the comparison be made with a more northerly arc, 
the ratio of increase would be unduly diminished. In the first instance, the 
calculated figure of the elliptic meridian would have a greater compression ; 
in the second, a less compression than would be found to result from a compa- 
rison of the two extreme measured arcs with each other. And that this really 
occurs in the case before us I shall now proceed to demonstrate. 

To this end I shall first compare M. De la Caille's arc with that measured 
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by MM. Bouguer and De la Condamine in the year 1738 ; I shall then draw 
a comparison between M. De la Caille's arc, and that measured by M. Cas- 
sini in the year 1740 ; and lastly, I shall compare the arcs of M. Bouguer and 
M. Cassini with each other. The formula I shall adopt is the common elliptic 

one of -j = ( m ^c 0 "g l _ ^§cos*L ) w ^ ere c an ^ d represent the major and 
minor axes L and I, the middle points of latitude corresponding to the mea- 
sures M and m ; and the calculations here follow at full length. 



1st Comparison, where L =; 1° 30' N. ; M = 56749 ; / = 33* 18' 30" S. ; m = 57037. 



L = 1° 30' Log Sin. 2 417919 Log. Cos.7.999851 



M = 56749 Log. 4753958 



3)9507916 
M$Sin.*L = 1.012 Log. 



2 Sia.« 4.835838 
3.169305 



1.999702 
3.169305 



0.005143 M $ Cos.* L » 1475.731 Log. 3.169007 



/=33° 18' 30" Log. Sin. 



T.739687 Log* Cos. 1.922064 

2 2 



m = 57037 Log. 4.756157 



2 Sin. 4 1.479374 
3)9.512314 3.170771 



m $ Sin.* / 446.833 



Log. 2.650145 m | Cos.* / 1034.902 



1.844128 
3.170771 

Log. 3.014899 



M $ sin.* /— M$ sin. 4 L=445.821 



m | Cos.* L=m f Cos.* /= 440.829 



1*/ Comparison continued. 

445.821 Log. . . . 2.649160 
440.829 Log. . . . 2.644270 

2)0.004890 
-=1.0058 Log. . . . 0.002445 



VOL. I. PART. II. 



l=-rVj Compression. 

d 



2n 
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v. t 1f » so"- M=57037; J=49°22'; ro=57074. 
2d Comparison, where L=33 18 30 , m— 

/s=49° 22' 



Log. Sin. 1.880180 
2 



«»= 57074 Log. 4756438 
2 

3) 9.512876 



7.760360 
3.170959 



. . . . Log. Cos. 1.813725 
2 

1.627450 
3.170959 



2.931319 mfCos.** 628.651 Log. 2.798409 

M \ Cos. 4 L 1034.902 



m 4 sin.* * 853.726 Log. 
Mfsin.'L 446.833 

"^7^T ^M^Sin.«L=406.893 Log. 2.609481 M \ Cos. 9 L-mf Cos.*/ 
Cos.*L-m$Cos.*J:= 406.251 Log. 2.608795 

2) 0.000686 



±= 1.0008 Log. 0.000343 -7-l-.Wr1 Compression. 

d 



3d Cp** *.L.«.«.«l'-»»'"" t 

m*s,..-l ...» ;*gr:v:::::::^S 

m *Sin.M 858.726 ^ Cos. i _ 

^Sin.W-MfSin-L 852.714 Log. 2.930803 M f Cos.- L-*. t ^ ' = ^ 
M f Cos.'L - m § Cos.' / 847.080 Log. 2.927925 

2)0.002878 



_L = x.0033 Log. 0.001439 -1-1= ^ Compression. 
d 



Here, therefore, we have ^ ^ and ^ which vary • » m 
ner very similar to what might have been expected; but we may jet p«. 
the inquiry further, by considering the quantity ? +» "^JT^ been 
comparison to be constant, since it is not very different ^fZ^ 
derived from the best accredited modern operations. Making, 
always M and L apply to the lower latitude, m and I to the higher, we 
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have two well known formulae m = S* Co * h *™* L \ + M ^ ^ = 

V-^Cos*/ xsin*/ y 

(~ Cos 8 / x sin 8 / v 4 
-J—' ) X m, in which, substituting as before, we shall know of 

Cos* L x sin 9 L s 

or 

what length the arc measured in this latitude must be in order to give a com- 
pression of ^ when compared with each of the other two. 



1st Comparison m determined for De La Caille's Arc from Bouguer's. 



Sin.* L 1° 30' Log. 4.835838 N. N. 0.0006852 



—=1.0033'* Log. 0.002878 
Cos.* L 1° 3tf Log. 1.999702 

~ Cos.* L . . Log. 0.002580 N. N. 1.0059583 

Sin.*L x ~ Cos.* L. Log. 0.002875 N.N.1.0066435 

Sin '* /x ^ Cos -* 1 Lo S- 0-002012 

0.000863 
3 

2)0.002589^ 



Sin.* / (33° 18' 30") Log. 1.479374 N.N. 0.3015604 



& = L0033/* Log. 0.002878 
Cos.*/(33°18'3(y') Log. 1.844128 



~Cos.*L Log. 1 .847006 N.N. 0.7030823 



Sin.* lx £ Cos.* / Log. 0.002012 N.N. 1.0046427 



0.001295 

Ms 56749 Log. 4.753958 

w=56918.4 . . . Log. 4.755253 

These measures, excepting those of the Quito Arc, are taken from a very 
old edition of Dr. Hutton's Philosophical Dictionary ; for the principal part 
of my library being in India, I have by me very few books of reference. The 
comparisons are sufficient for my present purpose ; but I shall hereafter com- 
pare the more modern measurements of De Lambre, Colonel Lambton and 
General Mudge with De la Caille. 

2n2 
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2d Comparison 



, M determined for D* ia Caillk's Arc from Cassin.'s. 



Sil ,.J49«22- Log. 1.760360 N.N. 0.5759173 



i=f6033f Log. 0.002878 
Cos. 4 J=49° 22' Log. ! .627450 



± Cos « / Log. 1 .630328 N.N. 0.4269020 



Sin.. ix^Cos.' i Log. 0.001223 N.N. 1.0028193 



Sin.' L x £Cos.« L Log. 0.002012 



I. 999211 
3 

2) 1.997633 

— 1.998817 
in = 57074 Log. 4.756438 



M = 56918.7 



4.755255 



1st Result 56918.4 
2d Result 56918.7 
Mean 56918*6 



The mean of these results, or 56918.6 toises, is what would belong to a de- 
cree in latitude 33° 18' SIT south, upon the hypothesis that the earth was an el- 
Ci of revolution with a compression of and had the arc 
this latitude been found to be of that size, the three arcs introduced into these 
calculations would have led to the same conclusions. Now as the who e me 
sure of the Abbe De Cage's arc was 410814 feet* = 68469 torn ,J £ 
divide it alternately by 56918.6 and 57037 toises, the difference of our t*o 
quotients in degrees will be the approximate sum of the small angles oi erro , 
which I have above supposed to exist under the form of a X b. 



* Vide Hutton's Philosophical Dictionary, page 233. 
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Now, 56Q18 = 1° Y% 10",54 on the meridian by hypothesis. 

And SiT = F 12> 1// 55 Ditt0 b y De lA Cai ^e. The 

difference therefore is 8".99, to be divided between both stations of observa- 
tion ; and perhaps this will not appear too great, when the localities described 
in the foregoing pages are duly taken into consideration. We know that 
Scheh allien did exert a lateral attraction sufficient to cause a deviation of 
5".8*. We know further, that MM. Bouguer and De la Condamine had 
found by experiment that 7"£ was the effect of Chimbora9o ; and I think I 
have made out undeniably that in no part of the globe is this disturbing force 
more likely to have prevailed than at Cape Town, whilst the site of observa- 
tion at Klip Ponteyn could hardly have been free from its effects. TfMie irre- 
gularities which may have attended the terrestrial measurements cannot here 
of course be taken into consideration, because they are as likely to have 
tended to increase as to diminish the length of the arc ; but still the very un- 
certainty under which they labour is Sufficient to throw doubt upon the whole 
operations ; and at least I think it must be admitted, that the measurement in 
this quarter of the globe is by far too dubious to establish the theory which 
would assign to the southern meridians a different ellipticity from that found to 
obtain in the northern hemisphere. 

Were the operations in themselves of sufficient importance, it might indeed 
be an object to measure them again ; but as it would be impossible perhaps to 
place an instrument over the centre of the site of the Observatory at Cape Town, 
or indeed at any one of the stations, excepting Riebek's Castle, I see not what 
would be gained by such a procedure. It might be interesting, no doubt, to 
ascertain the exact latitude of both extremes of the arc by a series of triangles 
connecting them with the Observatory now about to be erected in this neigh- 
bourhood; and this, which will doubtless be hereafter done, may in able 
hands furnish a new datum respecting the attraction of mountains; but as to 
the arc itself, it seems to me to be too small to be of any weight, even were 
all other objections removed ; and the labour of correcting the old results, 
except for the mere curiosity of the matter, would therefore be much better 
expended on a perfectly new series of triangle. 

Such a series, instead of terminating at Klip Fonteyn, might very easily be 



* Vide Vince's Astronomy, pages 99 and 100. 
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carried through the country of the Namaquas to the northern boundary of the 
colony, which would furnish a' very pretty arc of nearly four degrees in ampli- 
tude, and I doubt not set for ever at rest the anomalous hypothesis of the dif- 
ferent form of the two opposite hemispheres of the globe. 

In no country indeed could a datum of this nature and of equal importance 
be obtained with less personal toil and suffering to the individuals engaged in 
it ; for the climate is perhaps without a parallel on earth, the face of the coun- 
try presents no appalling difficulties, and there is a degree of hospitality and 
readiness to oblige on the part of the colonists in general, which would render 
a sojourn amongst them highly pleasing and satisfactory. 

In the hope that the description above offered will meet your expectation, I 
shall now bring my report to a close ; but I shall at all times be happy, after 
we meet, to enter into any further explanation of such points as you may 
consider to require elucidation. In the mean time, allow me to subscribe 
myself 

Your very obedient servant and sincere friend, 

George Everest, 

Capt. Bengal Artillery, Chief Assistant to 
the Geod. Trig. Surv. of India. 
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XXII. The Right Ascension and Declination of the Comet of January 1821. 
By J. N. Nicollet, of the Royal Observatory at Paris. 

Read December 13, 1822. 



Terns moyen, coropte de 
Minuit, a Paris. 


Ascension Droit. 


JJeciin. .Boreal . 


1821. 






Janv. le 21 a 20 13 15" 


0 / // 
0 36 28 


o 1 il 

16 59 30 


23 a 19 19 43 


0 20 2 


16 44 48 


25 a 21 0 45 


0 2 11 


16 31 6 


29 a 18 44 9 


359 34 3 


16 9 57 


30 a 20 1 56 


359 27 4 


16 4 26 


Fevr. le 6 a 20 9 28 


358 48 51 


15 32 23 


9 a 18 55 7 


358 36 12 


15 21 54 


22 a 19 39 19 


357 48 50 


14 37 50 


23 a 19 5 58 


357 45 16 


14 34 49 


26 a 19 11 7 


357 32 57 


14 22 45 


Mars le 1 a 19 6 47 


357 18 30 


14 8 47 
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XXIII. On the Correction of the Transit Instrument. By J. J. Littrojv, 
Director of the Imperial Observatory in Vienna; Assoc. of the Astron. Soc. 
of London, #c. #c. Communicated in a Letter to Francis Baily, Esq. 
F.R.S. Dated August 1, 1822. 

Read November 8, 1822. 



1 HE present paper is intended as a continuation of the excellent one which 
you published in the first part of the Memoirs of the Society (page 59). In 
that paper, it is true, you have noticed only one error of this instrument (but 
certainly one of the most important of those to which it is usually liable), yet 
that would be sufficient if, as you presume, the question is only about small in- 
struments of this kind, which may be placed in a common window : the object, 
in such cases being merely to satisfy the most common wants, without pretend- 
ing to any particular accuracy. But the transit instrument is at the same time 
one of the simplest and most perfect of modern instruments used in practical 
astronomy : and through the great perfection to which it is now brought by 
Troughton, Reichenbach, &c, it produces such excellent results that the 
professed astronomer can no longer be allowed to neglect any thing which he 
may correct by a careful calculation. It is therefore my present intention to 
describe, in a short and distinct manner, the perfect management of this in- 
strument, as I am in the habit of using it in my own observations. 

This instrument, in practice, is subject to three principal errors : 1°. the 
optical axis of the telescope may not be quite perpendicular to the horizontal 
axis of the instrument ; which is called the error of collimation : 2°. the axis 
itself may not be perfectly horizontal ; which is called the error of inclination: 
3°. this same axis may not stand exactly east and west ; which is called the 
error in azimuth. 

There may in fact be several other errors ; such as arise from the ends of 
the horizontal axis not being perfectly cylindrical, or from being of an unequal 
size, or from their centres not lying exactly in a straight line : or when ano- 
malies present themselves on account of the bending of the instrument, &c. &c. 

vol. i. part ii. 2 o 
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But, as errors like these are generally very small in the best instruments, (it 
being in the power of the artist to give to the ends of the axis their proper shape 
and direction,) I shall here only consider the three errors above mentioned, as 
the most essential. Although it would not be difficult to discover also the others 
(that of the bending perhaps excepted) by proper observations, and take a 
correct account of them : a subject to which I may perhaps recur at another 
time ; my present object being merely to avoid the three principal errors in the 
observations with this excellent instrument. 

In the first place I shall enter into a general analytical investigation of the 
question, in order that I may with the greater certainty apply those principles 
to practice. 

Analytical investigation. 

Let us imagine a plane, perpendicular to the horizontal axis of the instru- 
ment : but, since that axis is not supposed to be exactly horizontal, nor stand- 
ing immediately east and west, it is evident that the perpendicular plane will 
not be in the meridian, neither will it be a vertical plane. It will however cut 
the horizon in a point, whose distance from the meridian we shall make 15 a : 
and a perpendicular arc from the zenith to this plane, we shall make 156: 
lastly, if a telescope be affixed to this plane, we shall call the angle, which its 
optical axis forms therewith, 15 c. It will thus be readily seen that a denotes 
the error in azimuth, 6 the error in inclination, and c the error of collimation, 
each expressed in time. 

Let us now determine a given point in this plane by means of the three rec- 
tangular co-ordinates xy z ; where the axis x lies in the line in which the me- 
ridian cuts the equator : so that xy is the plane of the equator, x z the plane 
of the meridian, and the beginning of the co-ordinates the centre of the earth. 
Since the telescope (when c is not = o) describes a small circle of the sphere, 
its equation will have the following form, 
s = A:c + By + C. 
If therefore we make s = the hour angle of a star at the moment of its passing 
through the plane, and 5 = its declination, we shall have, by taking the distance 
of the star from the earth as unity, 
x = cos 5. cos s. 
y = cos S. sin s. 
z = sin 5. 

and therefore the preceding equation becomes 
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A. cos s + B. sin s + C. sfcc i — tan I = o 
and, for any two other stars, we have 

A. cos + B. sin s' + C. sec — tan y = o I 
A. cos s"+ B. sin s" + C. sec&" — tani" = o. 
By means of these three equations, we may, by elimination, determine the 
value of the unknown quantities A, B, C, in values of s, 5, s', s" 9 S". But, if 
A, B, C are known, the position of the plane itself will be known also : and we 
may then determine the hour angle of every star, by means of the equation 
BD+A a/A*+B«— D* 

mns snpF 

where D = (tan 5 — C. sec I) : and thus the theorem would be resolved. With- 
out however stopping at this very easy elimination, I would observe that the 
first of the equations (1) gives 

A. cos s + B. sin s = D. 
and as our plane is always near the meridian, and consequently s is always 
very small, 

A + Bs = D or 

It remains therefore only to express the values of A, B, C, D, by means of 
the a, 6, c, above mentioned. But, we easily see that we have 

* A := tan ($>+-§-) 
-|-= - tan a. cos tan 5 

* The respectable and learned author of this paper appears to have committed an oversight in 
the assigned approximate values of A , and—. For c, and a in the expression the tangent of 

0, should have been expressed in arc and not in time, and they all require b to be small in com- 
parison of a ; which may not be the case. These remarks might imply that the value given for * 
in the equation immediately following is incorrect ; but in the reduction of this equation to the 
next the effect becomes cancelled by similar counteracting operations. For instance, by consider- 
ing sine of ~ to be sufficiently near — ; which will only be so when b is small in comparison 

of a ; and by the use of arc and time indiscriminately for each other. I much regret that time 
(since I had the pleasure to peruse this paper which was committed to me) and distance, would not 
permit me sufficiently to notify to the learned author my ideas, to enable him to make the needful 

2o2 
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tA1B s = a. sin (<p+ 4") ten S - c08 (p+ 4")+ SJ* 

or, when reduced, 



i wo \y / _ 1 

s = a. — J^T~~^ cosJ ^cosJ 



If therefore . = the apparent right '^^^^'j^^ 
observation by the clock, and * = the correct™ for the error of the clock, we 



have 

s=a—t—x 



and, consequently the last equation becomes (3) 
'-t-x = a sin («->) sec 8 + b. cos (p-S). sec 8 +c sec 8. W 
But I would remark L, as far as regards practice, this method o dete, 
J£ the three errors a, o, c, and the correction of th« <^ * m ^ 
me re observation of the culmination of stars, » " d jf 
ther in fact is it even efficient for determining every one of these quantities. 
The reason of this latter observation will be best seen by introducmg a and 6 
instead of the quantities a and b, so that we may have 
ol — a. sin(p + 6. cos $ 
b' = b. sin <p — a. cos <p 

whereby the equation (3) becomes 

a - t — x = d + b'. tan 8 + c. sec 5 
and we may see that, by having even several equations of the latter form we 
can only determine, by elimi nation, the quantity (.r + <Q but n eve»catone^or 

corrections himself ; as his method is hoth ample and ingenious. I ought also , to remark, thjUhe 

plan here proposed considers . so small that cos of . may be put equal to rad.us ; but 

be allowed to express myself loosely for the purpose of using butfew words, ^^££1 

case, unless the instrument is nearer to adjustment than the star is to the pole, u, » 

the instrument were perfectly adjusted in every respect but azimuth, and the errorw , az.m , 

the distance of the star from the pole= £ , the latitude 9 f the place of observation -1., 

both small ; we should have, except in certain cases, sine of s = sec of L, nearly, >' 

evidently affects the whole of the paper ; but u I conceive errors in adjustment, ^ 

use stars nearer to the pole than the polar star, may be avoided, which would render th.s 

of consequence, I do not consider it important.— Benjamin Gompertz. 
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a' alone; because in all these equations the co-efficients of x and a' are always 
the same. 

We might indeed determine x by the method of equal altitudes : but such a 
determination is seldom of the utmost accuracy ; nor is it of equal weight with 
the transit instrument, whose great advantage lies in determining the time im- 
mediately, without any foreign assistance, and with the greatest accuracy. 
Lastly, I would remark that the equation (3) will be entirely useless if the values 
of a and 6 should accidentally be such that tan <p = -|-,and c = o ; because, in 
such case, all the stars would give the same correction of the clock 

a — t — x = */ a 2 + b* 
although the telescope should move out of the plane of the meridian. 

It follows therefore, from the preceding remarks, that the method of deter- 
mining the errors of the instrument and of the clock by mere observations of 
the culminations of the stars should be abandoned as unfit for practice. I shall 
therefore endeavour to determine some of the quantities 0, b, c, in another 
manner, more adapted to general use. 

Practical application. 
I will endeavour to explain this second important part in the manner in 
which it should be practically applied in observatories. For this purpose, let 
us make 

a = the azimuth of the telescope : positive when (pointing to the south of 

the zenith) it deviates towards the east of the meridian. 
b = the inclination of the rotatory axis towards the horizon : positive when 

the west side of the axis stands too high, 
c = the error of colli mation : positive when the optical axis of the telescope 

(pointing to the south) deviates towards the east. 
x = the correction of the clock : positive when the clock is too slow. And 

it is presumed that the clock is regulated to sidereal time ; or that it can be 

reduced thereto by the usual and well-known methods. 
t = the time shown by the clock at the moment of observation. 
oc = the apparent right ascension of the star : for the lower culminations we 

must add 12\ 

S = the declination of the star. South declinations are negative : and, for 

lower culminations, S = (180 — . declination). 
(p = the latitude of the place of observation. 
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^ This being granted, we have, by a proper regard to the signs of the trigo- 
nometrical functions, agreeably to equation (3), 

a = t + x + a. sin (0 - J), sec S + &• cos (f> - J), sec 5 + c. 

Let us admit, for the sake of brevity, 

m = sin «> - J), sec S » = «b (0 - »• S 

and for another star , „ y\ se r V 

OT ' = sin (^.-y) sec^ n=co.»-y).«cy 

then we shall have 

a — t + x + am + bn + 

H^t'+x + am'+bn'+c.secX 
and from these two equations we immediately deduce, for the azimuth, 

f a .O-(a'-Q-H«-n')-c(»ec?-secr) W 
<* — m—rri 

By this equation we are enabled to find the error in azimuth, a, if the quant.- 

^ntpoXTu-ion arises here, "What two stars should beselected in 
order to determine, in the most advantageous manner, the error in azimuth a :} 
The common rule, usually given -for this 1^"™™*?^^ 
the zenith and the other near the horizon," is not the best. We may. readily 
ee thTSoth the starsshould be as near the pole as possible; one being above 
and the other belowit. One of them therefore will be the pole-star ; since it s 
very near the pole, and since its right ascension is now so ^ m ™****" 
consequence of the many observations that have been made on it It is herj 
fore requisite that, in every active observatory, this star should be observed 
every day, as it was done by Bradley, one of the best observers in any age or 
country It would be best to observe the pole-star in both its culminations: but 
since the inclination 6 might easily vary in the space of 12 hours (which ^ is not 
to be apprehended from the collimation c), let us consider 6 as the inchnat on 
' at the time of the first culmination, and V as that of the second ; and D as the 
declination of the pole-star. Whence we have, from the preceding equations, 
n *_((-t) + b. cos (g-DJ. sec D-6'. cos (g+ PV sec D+ic. sec D ^ 
a — ~~ 2 cos if. tan D 

Another question here arises, "How are the values of b and c to be deter- 
mined ? " The value of 6 is most readily found by means of the level : an in- 
strument which is now so accurately constructed by Reichenbach that, accord- 
ing to his assertion, the radius of curvature is two hundred English miles. 

The level should be suspended in the proper manner to the ends of the no 
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rizontal axis : in this position let its inclination west be denoted by to, and east 
by e. 

Then let the level be turned so that the end which before was to the west 
should now point to the east, and vice versl In this position it will give w' 
for the west, and e! for the east. If A be the value of one of the divisions of 
the level (which value may be determined by several well-known methods), we 
shall have 

and this is the required value of b in seconds of time, which, with its proper 
sign, should be used in the preceding equations. 

In order to determine c, we must observe a star near the pole on the first 
wire. The time of this observation, reduced to the middle wire by means of 
the known distance of the wires, we shall call 0. Then turn the telescope, so that 
the end of the horizontal axis, which before pointed to the east, will now point 
to the west ; and observe the star on the last wire (which will evidently be the 
same wire that, in the former position of the telescope^ was the first). The 
time of this observation, reduced to the middle wire, we shall call ff. This 
being granted, we have 

c = — — cos $ 

2 

If 6 should be the inclination before, and V after the reversion, we should 
have 

c= (y-g)+(^)n cos ^ 

observing to take S=(180— the declination) in the lower culmination. 

Some observers endeavour, by means of the level and of the screw which 
moves the wires, to get rid of the quantities b and c. But, in. the first place it 
is difficult, if not impossible, entirely to remove the two errors ; and, secondly, 
they are each of them (and particularly the first) very variable : so that it is 
always safest to determine the quantities by immediate observation, and take 
them into account. 

If therefore the quantities a, 6, c are known, we may obtain from every ob- 
servation the correction of the clock, by means of the equation 

x = a — t — am — bn — c. sec S 
and, this quantity (x) being known, the observation of every other star will give 
the right ascension of such star, by means of the equation 
a = t + x + am + bn + c. see S 



Digitized by 



280 Professor Littrow on the Correction of the Transit Instrument. 



It therefore only remains for us to show the practical application of the above 
formulae, by a few examples. 

The following observations have been made, at Buda in Hungary, with one 
of Reichenbach's six-feet transit instruments. 

On May 18, 1822, the following observations were made of the pole-star, at 
the time of its upper culmination, for the purpose of determining the error of 
collimation. After the observations of the first three wires (there being seven 
of them) in the usual position of the telescope, time (by the clock) of the middle 
wire, 

I u>=34.5 w'= 39.0 
and after the observation of the same three wires, in the reversed position of 
the telescope, time (by the clock) of the middle wire, ^ 

fi = 0-57»13'.4 f e=41 ° e ' = 38 - 3 

. I aj = 30.5 w'= 33.2 

the value of each division on the scale being k =0,7 1 seconds in space. 

On May 19, the following observations were made in the usual position of 

the telescope : 

MIDDLE WIRE. 

„ . nktB „i* t « f e = 38.9 e' = 39.0 

Pole-star O h 57 m 13 s .50 < . . a , OA e 

L w =34.2 w = 34.5 

Sirius 6 37 55 .97 ^ 

Procyon 7 30 37.01 ) e = 40.2 e' = 37.7 

* Hydra; 9 19 29.01 j ic=33.1 a> = 35.4 

Regulus 9 59 32.11 •> 

Pole-star, S.P...12 57 37.97 { e = e ' = J?* 

L w=z 36.0 w = 39.0 

the daily rate of the clock was 0M51. 



Calculation of these observations. 
For the quantity b, we have 

b = 0,01183 [(u? + w') - (e + e )] in seconds of time. 
For the pole-star, we have S = 88° 21' 32", <p = 47° 29 / 12", n = 26.4, 
6 = 0.047, 6'=- 0.184, c=<*^^^ cos S = - 5.4992 cos S = 
-0.1575. 

May 19. Determination of the azimuth. Apparent right ascension of the pole- 
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star (= a) O h 56 m 51 8 .60 in the upper culmination, D = $ = 88° 21' 31".7, 
12 -(*'_*) = -24.47 

upper culmin. b = — 0.109 
lower culmin. i*= + 0.071 
so that the equation (a') becomes 

a ''+O c <>sP+ft' cos (p— D) — bT. cos (p+D)+2c 

* ~~ 2 cos <p. sin D 

-0.70080— 0.08242+0.05094-0.31 
2 cos p. sin D 

= - 0".77151 westerly. 
For the four other stars we have then a = — 0.77151 c = — 0.1575 
and 6 = — 0.11 ; and for the correction of the clock 





Sirius. 


Procyon. 


a Hydras. 


Regulus. 


a 
t 


h m 8 
6 37 18.49 

6 37 55.97 


h m s 
7 29 59.77 

7 30 37.01 


h m g 
9 18 51.61 

9 19 29.01 


h m 8 
9 58 54.82 

9 59 32.11 


OL—t 

— am 
— bn 
— c. sec 8 


-37.48 
0.72 
0.05 
0.16 


-37.24 
0.52 
0.08 
0.16 


-37.40 
0.64 
0.06 
0.16 


-37.29 
0.45 
0.09 
0.16 


correc. 1 


— 36.55 


-36.48 


-36.54 


— 36.59 



Prom the mean of these few observations we deduce the correction of the 
clock to be x = — 36 s .54 at 8 h 22 m . 



The values of m and n for the latitude p=47° 29* 12" as above mentioned, are 



Sirius 0.9371 


0.4577 


sec 3 

1.043 


Procyon 0.6700 


0.7490 


1.006 


a Hydra 0.8308 


0.5735 


1.010 


Regulus 0.5831 


0.8437 


1.025 


This is, I believe, the best method of using the transit instrument, and it is 



desirable that it should be thus treated in all observatories. As we have but 
few practical guides for the use of such instruments as pretend to any degree 
of perfection, I have thought that I might be rendering an acceptable service 
by forwarding it to you. 



vol. i. part n. 2 P 
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XXIV. On the Aberration of Light. By Benjamin Gompertz, Esq. F.R.S. 

With a Plate. 



Read June 14, 1822. 



An accurate knowledge of the aberration of light, arising from the velocity 
of its particles, being indispensably necessary in theoretical and practical 
astronomy, I conceive that, notwithstanding the subject has been extremely 
well discussed by many learned men, a fresh essay on the theory may be 
written in the expectation of a favourable reception by astronomers. In the 
contemplation of the sciences, there is, besides the pleasure arising from the 
acquirement of knowledge of practical utility, a peculiar charm bestowed by 
the reasoning faculty in a well-directed pursuit of facts; and though the 
results shown by the arguments are frequently considered to be the only 
objects of value by the unlearned, the man of absolute scientific ardour will 
often, whilst he is enraptured with the argument, have not the least interest 
for the object for which his argument was instituted. But the subject before 
us is eminently useful in the results, and may be extremely interesting in the 
mode of attaining them. It has been treated with peculiar analytical beauty 
in a note in Biot's Astronomy ; but notwithstanding the elegance of that 
method, I am persuaded that some readers would not object to a less symbolic 
theory, though leading chiefly to the same results : and, at the same time, I 
believe I am correct in saying, that though the theory, as it is generally 
received, is of sufficient approximative accuracy as far as regards any part of 
the solar system, it may be found inadequate in its application to what have 
been termed the fixed stars, should they possess in reality, as it is generally 
supposed they do, a proper motion : for that part of the received theory which 
leads us to suppose that it is only necessary to compound the relative velocity 
of the eye to the object, or relative velocity of the object to the eye, with the 
motion of light, if I reason correctly, would lead us, at the same time, to sup- 
pose that it was impossible for a star which is continually visible to us, to revolve 
in a pejriod not greater than several hundred years about a centre (with a velocity 

2p2 
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which is not much less than the velocity of the earth in its orbit) without the 
motion of the star becomingperceptible in consequenceof theaberration of light; 
but I think a proper investigation of the theory will prove the contrary. 

Suppose B an eye at rest (Plate IV. Fig. 1.), PSMN the orbit of a star in 
which it always moves, and that the whole orbit subtends an imperceptible 
angle at B. When the star is at P, let its direction and velocity be VP per- 
pendicular to PB, and let PK be the velocity of the particles of light emitted 
from a body at rest ; and supposing PK large in proportion to P V, then if the 
aberration of light to an eye B at rest, depended on the relative velocity of the 
object from the eye, in the manner of the received theory, and OB were drawn 
parallel to VK, OBP would be nearly the angle of aberration caused by the 
proper motion of the emitting body ; but according to my idea, the aberration 
from the true place of it is within the angle which the orbit PSMN subtends 
at the eye ; and consequently, according to the hypothesis, is imperceptible. 
Again : if we suppose B to be the eye on the earth revolving about the sun, 
and that the star revolves in the orbit PSMN, in a different periodic time to 
the earth in its orbit, and with a greater absolute velocity, it would happen, 
according to the notion I am combating, that sometimes, whilst the earth is 
at a certain point of its orbit, the aberration would be one way ; but at another 
time, when the earth is at the same point of its orbit, the aberration would be 
another way, sometimes nothing, and sometimes more than double the aberra- 
tion that the star would have if it were really a fixed star ; and nothing like 
this appearing in the heavens, may be itself almost a presumptive proof that 
the notion is incorrect. 

Art. 1 . Let n be the velocity of light or space described, in the time one, by 
a particle of light projected from a fixed point (Plate IV. fig. 2.) : B the eye in 
motion moving in the direction tB with a velocity equal to t B : A the place of 
an object at the time at which it emitted the particle of light which meets the 
eye at B ; Ak = v the direction of the motion and velocity of the object when 
at A ; and E the place of the object when the particle of light emitted from it, 
whilst at A, meets the eye at B. Then as the particle described AB in virtue 
of two motions, the one arising from the velocity n of light as emitted from 
a fixed point, or as the mean velocity of light emitted in all directions from 
a body in motion, and the other from the motion Ak of the object emitting 
the light, if in AB we take Ar to represent the velocity with which the 
particle of light describes AB, in consequenceof the two motions, and or 
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be drawn equal and parallel to A A:, and Ac be joined, A o will represent the 
velocity and direction which the particle of light which now meets the eye 
would have had if the object had been at rest; and will therefore be equal to 
n ; and if the angle ArAr be put equal to and supposed given, we shall have 
in the triangle Aor, Ao=w, or=v 3 and the angle Aro=^ to find Ar, which 
we will call n\ Draw oh perpendicularly to AAB, and we shall have oh—v 
sine of ^ rh—v cos of AA=a/^ - <, s ine of^« and ri or Ar=J n*vstetf~fi* 
—v cos of ; and this, if n be very great in proportion to u, will be nearly 
equal to n. And we see that if the eye be at rest, and the object emitting the 
light be endowed with proper motion, it will appear to be in that place in 
which it was at the moment it emitted the particle of light which now meets 
the eye ; and the aberration from this cause will be 2 ABE, and in that 
plane. 

Art. 2. Between A and B, take Bp equal to Ar; and drawpu? equal and 
parallel to *B and join wB ; then the velocity pB of the particle of light may 
be considered as the result of the two velocities pw, wB : but w is the direc- 
tion and velocity common also to the eye ; it follows that the perceptible direc- 
tion in which the light arrives at the eye is wB ; and, supposing pB great in 
proportion to *B or its equal pw 3 we have the sine of ApBw equal to 

pw sine of amB . Bt . m 4 ^ E 

■ , that is, sine of AB*= - sine of AB*. 

Art. 3. Draw SB parallel to Ao, cutting AA: produced in S ; then if the ob- 
ject A had continued to move uniformly and in the same direction AA:, during 
the time which the particle of light took in its passage from its emission at A 
to its arrival at B, the situation of the body would be S, and therefore A ABS 
will be the part of the aberration of light arising from the motion of the object 
when the eye at rest at B perceives it; and E and S will coincide; and consider- 
ing n large in comparison of t>, the angle ABS will be nearly ~ sine of and 

will be a very small angle. And when we are considering the aberration of 
light by which we are affected from any of the bodies in the solar system, from 
their proper motion, we may, without fear of error, consider the path described 
by the body during the time that a particle of light is moving from it to us to 
be rectilineal, and to be described by an uniform velocity ; and in consequence 
we may, as far as regards our planetary system, consider the angle ABS as 
the real angle of aberration caused by the proper motion of the body emitting 
the light; but the case may be very different with respect to the aberration of 
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light caused by the proper motion of the stars at an immense distance. If, for 
instance, the star in question were in the ecliptic, and so near to us that its 
annual parallax of longitude amounted even to one second of a degree, and 
that all emitted particles of light moved always through a space equal to the, 
radius of the earth's orbit in 8' of time, then would the light in moving from 
the star to us be about 8 x 60 x 60 x 60 minutes, or 1200 days, and conse- 
quently the star may have a very different direction of motion, velocity and 
place when the light arrives at us, from that which it had when the light was 
emitted from it : and E its real place at the time of the eye at B perceiving it, 
may even not be in the line AS ; so that neither the aberration caused by the 
proper motion of the star, nor the plane in which it is made, may be the same 
as this mode of investigating it would indicate. And the angle ABE of aber- 
ration depends on the place of the body when it emitted the particle of light, 
and when the said particle meets the eye. If the velocity of the body be small 
in proportion to the velocity of light, this angle will be small. And therefore I 
think we should admit, in estimating the aberration of light proceeding from 
the three causes, of which one is the velocity with which light is emitted from a 
fixed body, the second the velocity with which the body emitting the light 
moves in case that body be not fixed, and the third the velocity of the eye, that it 
is not rigorous to take the relative velocity of the eye from the emitted body 
conjointly with the velocity of light emitted from a fixed body, as the cause of 
such effective aberration : and though it may be considered to give the true result 
sufficiently near in estimating the aberration to our earth from any visible part 
of the solar system, it happens only from a particular state of the case, but not 
at all from a general coincidence of effect : and that this may appear more evi- 
dent, I observe, that when the eye at rest receives a particle of light from a 
body, the direction in which it conceives the body to be is not at all altered 
by the velocity by which the particle of light arrives, but it perceives it to be 
in that direction in which the particle of light is moving when it meets the eye; 
and it is also quite unconnected with the true place of the body at the time that 
the light is received. If the body had no motion (the eye being at rest also, 
and taking for granted that particles of light describe right lines), it will then 
perceive it in the direction in which it is, provided it still have existence ; but 
if the body had a motion„it will be perceived in the place where it was when it 
emitted the particle, whether it be there or not, or even should it be annihilated. 
The motion of the body emitting the light has the effect of sending the parti- 
cles of a different beam to the eye, but does not alter the direction in which 
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the eye receives a beam from the place from whence that beam was sent; and 
the aberration from the proper motion of the moving body has no immediate 
connection deserving attention with the velocity of the body at the time of 
emitting the light, if that velocity be very small in proportion to the velocity of 
light; but the connection is with the ultimate change of place of the body. 

Art. 4. But in the case of the star's not moving in a right line and with a 
constant velocity during the whole time that a particle of light is moving from 
the star to the eye, for the sake of analogy let us conceive a supposititious body 
to move with an uniform velocity V from the original place A of the star from 
whence the particle of light was emitted, and commencing its motion at the 
time that a particle of light is emitted from the star to arrive at the ultimate 
place E, at the same time that the star by its motion arrives there, that is, at 
the time the particle of light arrives at the eye, and we shall have AE: V:: 
AB:w'; and therefore, if ^EAB be put=//, the sine of the A ABE being 

l* siaeof«/xAE .... V . 

equal to — will be sine of // : so that the angle of aberration 

to an eye at rest, caused by the proper motion of the star and the velocity of 
emitted light, depends on five different data ; the velocity of the star when it 
emits the particle of light, the direction of that velocity, the velocity of light 
emitted from a star at rest (or the mean velocity of light emitted from a star in 
motion), the velocity necessary for our supposititious body to move in a straight 
line, from the place ' where the star was when the particle of light was emitted, 
to the place of the star when the light is received, in the time the particle of 
light was moving from the star to the eye, and the angle And the plane in 
which that aberration is made does not directly, and may not at all, depend on 
the direction in which the star was moving when the particle of light was 
emitted; but on the direction of the right line AE, or, in other words, the 
£ [/ : but if the velocity of light be great with respect both to v and V, as we 
have already intimated, for v! we may write n with sufficient accuracy : and 
we now observe also in that case, that for the sine of the angle ABE we may 
with sufficient accuracy take the angle itself; it follows, that the angle of 

aberration will become sine of [/ sufficiently near, in which v and /x, two 

of the five data, disappear. Draw NB parallel to EA, N and E being on the 
same side of AB ; then, instead of supposing the supposititious body to have 
moved from its original position A, and the eye at rest, we suppose our moving 
supposititious body to have been at rest, and to have remained stationary in its 
ultimate position, whilst the eye be supposed (contrary to being in its real state 
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of rest) to have a velocity V, when the particle of light meets it in the contrary 
direction to that in which the supposititious body was conceived to have, it 
follows (from Art. 2.) that the aberration would be sufficiently near the same 

y 

quantity — sine of p. 

Art. 5. And therefore, when the eye has a proper motion of its own (as in 
Art. 1.), and the star has also a proper motion (as in Art. l.),we may suppose, in- 
stead of these data, that the eye has two motions, one in the direction tB } and 
the other V, the velocity of light being considered vl instead of n, in the direction 
NB, equal to the presupposed velocity of our supposititious body, but in a con- 
trary direction, or that it has but one motion compounded out of the two; and 
if this be ZB in quantity and direction, the resulting aberration will be in the 

ZB 

plane ZBA, and the sine of the resulting angle of aberration will be X 

sine of ZBA ; and we may, for the sake of distinction, call tB the true velo- 
city and direction of the eye, NB the supposititious velocity and direction of 
the eye ; and ZB the efficient velocity and direction of the eye. And in con- 
formity will ABt be the plane of aberration caused by the real velocity of the 
eye, and the plane ABZ the plane of efficient aberration. If the star has not 
changed its place, BZ will coincide with Bt ; but if the eye be at rest, and the 
star has changed its place, BZ will coincide with Bn. 

Art. 6. Fig. 3. Let T be the eye, Tt what we have termed the efficient 
velocity of the eye, TS the line passing through the eye and star or suppositi- 
tious body, as the case may be, but of such a magnitude that it may represent 
the velocity of the particle of light issuing from the star, which we have repre- 
sented by ri 3 and which we have shown will be sufficiently nearly represented 
by n 3 the mean velocity of the particles of light emitted from a moving body, if 
the velocity of the moving body and that of the eye are small in proportion to 
the velocity of light. And the angle Tst will be the quantity of the angle of 
efficient aberration. About T as a centre and radius ST, let a sphere be de- 
scribed; let Tqcxxt the angle ST*, so that ZSTq be = ^*ST; and let 
Tq cut the sphere in q, then will q be the apparent place of the star or suppo- 
sititious body in the sphere to the eye T at the centre. Draw the great circle 
SgN of the sphere cutting Tt in N ; let Q be the equinoctial point, and draw 
the great circle QN, of which let P be the pole ; and let PSM be a great circle 
cutting QN in M ; and let tt be the pole of some other great circle passing 
through Q, and draw the great circles PttW cutting QNM in W ; draw ttSZ 
cutting QNM in Z, S2Y perpendicularly to PS cutting PttW in 2 and 
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QNM in Y. Also draw the great circles Pq, <nq, then is the sine of the abso- 

Tt 

lute efficient aberration Sg=— x sine of SN; and supposing w' immensely 

great in proportion to T£, this may be taken for the angle itself : and this 
aberration may be divided into the two relative aberrations, the one the aber- 
ration measured by the angle SPg, which would be the aberration in longitude, 
or quantity by which the apparent longitude should be increased to obtain the 
true longitude if P were the pole of the ecliptic, but it would be the aberration 
in right ascension, if P were the pole of the equator ; and the other the ex- 
cess of Vq above PS, which would be the aberration in latitude, or quantity to 
be added to the apparent latitude to obtain the true latitude, if P were the 
pole of the ecliptic ; but it would be the aberration in declination if P were 
the pole of the equator. But considering Sq small, the angle of aberration 

SPQ = Sq X-~j~~f3^> that ls > taking for Sq its value above, X (sine of 
SyP) x c °^pe of SM ' an( * considering sine of Psgas = sine of sqP, because 
the spherical triangle SMN is right-angled at M, is equal to 
Call this Expression I. Also Sq being small, for Py— PS we may take 
Sq x cos of PgS, or — sine of SN cos of PgS, or sufficiently near — X sine of 
SN x cos of NSM ; and this because cos of MSN=tan of MS. cot of SN, or 

«ine of MS cos of SN , • ■ , T* sine of MS e o\t j 

- fl ue '- fttxTj may be written — r - fttc' cos °* SN; and conse- 

cos of MS sine of SN 9 J ri cos of MS ' 

quently, by the property of the right-angled spherical triangle SMN it is equal to 
-jjr sine of MS cos of MN. Call this Expression 2. And, as above observed, 

Expression 1 will be the aberration in longitude, if QN be the ecliptic ; but it 
will be the aberration in right ascension, if QN be the equator ; and accord- 
ingly Expression 2 would be either the aberration in latitude or in declination. 
If the aberration be that caused only by the motion of the earth in the ecliptic, 
without considering any proper motion of the star, QN would be the ecliptic ; 
if from the motion only of the earth about its axis, QN will be the equator. If 
the aberration in contemplation arises only from the proper motion of a planet 
in its orbit, S being the planet, and the eye at rest, it will be neither the 
equator nor the ecliptic; and consequently we see the advantage of intro- 
ducing the pole 7T of some other great circle. 

Art. 7. Sq being still considered small, the aberration Sq will cause an aberra- 
tion about the pole ir=s * q ' sme ff* q 3 and an aberration or quantity to be added to 
r sine of Sir - - - 1 ^ . ^ 
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the apparent distance fro* the great circle, of which . is the 
tru edUtance=-S 9 .cosof rf, ; theformer ofth,sebyp:uttin g ^. sme of SN 

. ^ . _ r cxr , . ** sine of Z 

T* sineof^Sq. sineof spherics, — r - . f ^ 

for Sq, will become siD eof*s ' * r n aneom 

. * xrr/ T < sine sine of (ZW+ N W). Call this Expr. 3. And 1 
.sine ot JN^=-rr* "S^of irS' „ T „ . . , A 

, *u ™u W nf the sDherical triangle «tt WZ is right, we 

observe ^f^^ZT^l tangent of ZW=sine of „W 

:t e of 0 Z:W = Serition\ 9 -.S, or^ to be added to the 

distance being equal-S ? . cos of *S ? , or (by writing ^ s.ne of SN for SQ) 
=If sine of SN. cos of rf* that is, because ZSY is a right 2 by construction, 
d» sine of SN. sine of NSY, or its equal ^ sine of YN. sineof T; thatis, 
A', sine of Y. sine of (WN-WY). Call this Expression 4; where, since 

*' . • w uvWYUriffht-analed at W, and the spherical triangle %S2 
thesphericaltnangle2:WY.sr,ghtangiea^ ^ M ^_ _^tV^M r 

right-angled at S, we have tan of WY= in ^fs5 sineof S*W. sineof ,2' 

hut sine of 2 W=sine of (.W-rfD-*- ? -W, « ° f " ~ ° £ 

sine of 2* ; and therefore tan of WY =1 £^X(sine of „W. cot of X, 

sineofffW. ™s nfStfS -tan ofStf. cos o f*W , ftnd be . 

—cos of 7fW)=per spherics sineof S*W . 

cause cos of S is equal to cos of WY .sine of Y and also=cos of ftr. ~ 

cos of Stf . sine of bffX 

of SttS ; it follows that sine of Y = - oso fWY ~~ 

Art. 8.* If tbe aberration be that of a fixed star caused by the earta s 

* Lemma. (Fig. 4. Plate IV.) 

Let the motion of the earthT about the sun F be in the °««£^J27Z*Z 
ord er wUl be from west to east : p being the perihehon, <^J*j£ £ ^ ., ttde of the 
eonlnot, TH parallel to F* ; H and * being both on the same dde of F 1 , pu^he S 
sun or angle QTF=0 , the longitude of the sun when the earth >s in the pejh e.ioU J ; ^ 
in our figure the / QTH formed on the contrary side of T that Frf ^■*™ e » ^+0 
being = L FTH, the angle being taken on the sideinwhichQ l.es, .s - 360 j, & 
-^letthemeandistanceof the earth from the sun =1. Eccentnaty of &eorbUe«, ^ 
earth's mean velocity in its orbit = *, MT< the tangent of the earth's way, FMJ.M1 
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motion about the sun, then will QNM be the ecliptic ; and taking the mean 
distance of the earth from the sun unity; the earth's mean velocity eccen- 
tricity=e J ©the sun's geocentric longitude at the time in question, <p the sun's 
geocentric longitude when in the perigee; then will Tt = s .[l + e. cos of 

8inCe TF = iJZi f FF itis = ,o. ^ftr, -^-' andtangentof Z MFT= e 'f» eof pFT ~ 
1+e. cos ofpJ?T 1+e. cos of (0—0) ' & 1+e. cosofpFT 

e. sine of (0— Q) , . , . , , 

= — f +e. cos of (0-g) : an velocity of the earth at T, which is in the direction T7= 

Mf"= tf C08O f MF p' Here ' lt is P ,ain 5 that if e be so small that all powers of e above the 

first may be neglected, we may take for TF the quantity ! ; and that for the an- 

l+e. cos of (©— <p) 

gle MFT we may take e sine of (©— p) ; and for Z MTF we may take 90-e .sine of (©-p ) ; 
and for cos of MFT we may take, unity ; which will make the velocity of T come out— , or 

TF 

s [l +e. cos of (©— p)]. And the angle MTQ of the earth's way with the line passing through 
the earth and vernal equinox = 90 + © — e. sine of (©_p) ; or adding 180° we have the 
Z QT* in the order QMH, in which the longitude is reckoned = 270° +© — e. sine of (©—p). 
Moreover, as the mean and true longitude of the sun is supposed the same when the earth is in the 
perihelion, if M be the mean longitude of the sun when the earth is at T, we shall have ©=M + 
2e. sine of (M— p ), sufficiently near for our purpose ; and therefore the above-formed Z QT* in the 
order QMH, in which the longitude is reckoned = 270°+ M + 2 e. sine of¥^-e. sine of 
(O^p); or sufficiently near 270°+ M+e. sine of (M— <p) f arid the velocity sufficiently near 
e. (i+e. cos of (M— p)). 

If T be some other planet, p its perihelion, and XlFo cutting the tangent MT* in o be the 
intersection of the orbit Fpo of the planet revolving about the sun F, and the ecliptic, the eccen- 
tricity of the orbit e' to the mean distance unity and the mean velocity of the planet ; v= Z £tFT 
the heliocentric distance of the planet from the node, vr=ClFp the distance of the perihelion 
reckoned from west to east, from the node, and we have mutatis mutandis from above the velo- 
city of the planet at T= fi '. [l +e' cos of £Z^] nearly ; and the Z oTF=90W. sine of and 

Z MoF or the angle made by the direction contrary to the planet's motion with the line of the 
node SB- 180°+ oTF=t>_90°— e'. sine of (r-w). If K be put for the mean heliocentric di- 
stance of the planet from the node, we shall have s=K+2e' sine of (K— m) nearly ; and z MoF 
=K— 90°+e' sine of (K— w) nearly, and the velocity=e'.[l+e / cos of R^w] nearly. 

If T be a comet moving in a parabola from west t6 east, the velocity at the perihelion p. 
PF=«, thenasitiswell known angle MFT^^FT, and FT= pfT = j^ fW; 

: " MF= ^MFT=-^fT^T> :• velocityatT=-|il= S 'co S o^ J) FT= e '.cosof^( l ,- (0 ); 
and the angle OTF=90'-^ (o-ar); the angle MOF=o -180°+OTF=4 (o+w)-90 the 
angle the direction contrary to the comet's motion makes with the line of the node. 

2«2 
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(O-fll e* and the higher powers being neglected. And QN or I QTN= 
• tfr, a ^ 4-270° neglecting the powers of e above the first: then 
J^r^iT^'-dxi. latitude; because MN=*-QN, 
we have the aberration in longitude (from Expression 1. Art. 6.)-^ 
H^-josofJO^?) XC08 of r 0 _i_ e .sineof ( 0 -<p)] 5 and recollecting that 

cos of A L • -i 

W hen e is small, we may for (1+e. cos of A.), cos of [.B-e. «ne of Aj tafc 
cos of B+e. cos of (B— A), a theorem which may be easily demonstrated, the 
aberration in longitude becomes ^ x [cos of ( O -1)+.. « of (M) J- 

g sine of X 

And for the aberration of latitude from Expression 2, we have -7— 
ri+e.cosof^-0)]- cosof[^70P-O-e. sine of 0 )]eq«al to 
.^neafx' r co8 of ( j_27(r- ©) + e. cos of (i-W-^)]= i ^[«^of 

( ©_i)+e.sineof (<p-i)J- 

And if , be the pole of the equator, . the obliquity of the eclipUc, then w.IlQ 
WhtnokofP.W; :• if the right ascension of the star=«, and dedmatum 
ijK^^QN-^&- 0 +e,sine 

z W + NW==-18(f+ZW-O + e.sineof(O-^)=-^OP+QZ-0+e 
sine of (O -0 and conseq. sine of ZW+NW=cos of <© -*. «ne of (0 
r^-ZQ); &:■ By Expression 3, Art.7, we have the aberration in Right As- 
cENSioN=^ X 4-ri+e.cosof(^-©)]x[cosof 0-ZQ-*. «ne of 

CESSION- cos of rf X „, (_ I" j L „ . tsineofZ [•„,, 

( © -<p)] ; which from the observation above, e being small, is— „ >cosofd L 
of (0-ZQ)+e- cos of (0-ZQ)] where from Art. 7, cos of Z=sineof (a- 
90P) sineofI=-cos ofa. sine of w; or we may find sine of Z durectly, be- 

• sine of *Q. sine of Z*Q , there fo re the ABERRATION IN RlGHT 

cause it is equal to ; iQe of Z q 

6 8ineof * T cos of ( O — ZQ) + e. cos of 
Ascension may be written - sof rf.siueof ZQ L 

^flom expression 4, Art. 7, we have the Abekratiok .« Decunatk* 
^ 8i neofY.8ineof(WN-WY)=-5sineofYxsineof(QY-QN)--- 

-L 9 ineofY.[l+,cosof(0-$)]xsineof[QY-a7O»-O+esineof(0 
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—0)J=— -^-sineof Y. [l+ecosof (O— 0)J Xcosof[o — QY — e. sine of 
( 0 — <p) J ; that is by the observation^ being small,— sine of Y. [cos of (<•) — 
QY)+e. cos of (<p-QY)]=-£sineof Y[sine of ( O +WY)+e. sine of (<p+ 
.WY)]; or because WY = 180?— supp. of WY,-~sineof Yx [sine of (o- 
supplement of WY) + e. (sine of <p — supplement of WY) J ; sineof Ybeing= 

sine o(d. §\ne of (a— 90°) — sineofrf.cosof a sine of d. cos of a , pwv 

coaof WY, — cos of WY "^cosof supplement of W Y » and — ton °* w Y j 

j a & i . « txrxr cos of to. sine of a— cos of <Z. sine of w 

or tangent of supplement of WY= co8 Qf ■ — • 

If these quantities should be required in mean motions, we may transform 
them by substituting M + 2e. sine (M— 0), in the room of © (see the note at 
the commencement of Art. 8) : thus we have by substitution in the aberration in 
longitude, and neglecting the second and higher powers of e, that quantity= 

-[cos of(M— /}— 2e. sine ofM—lX sine of M— Q+e. cos of (<p— Z)J 
• X £cos of (M — Z)— e. (cos of 2 M^-i— 0)] . The aberration in lati- 
tude by a similar reduction = *' ° f * X [ sineof M^Z+e.smeof2M--Z--^J 
The aberration in right ascension sine of a[cos of (M — ZQ)+ e. cos of 
(2M— ZQ— 0)]. And the aberration in declination=-ysineof Y. [ sine of 
(M-supp. of WY)+ e. sine of (2 M— supplement of WY-f)] ; M repre- 
senting the mean longitude of the sun. The same expressions may also be 
immediately derived from the expressions of Art. 6 ; thus for the aberration in 
longitude we have by the note just alluded to Z QT*of figured Plate IV. that 
is, the angle measured by arc QN of figure 3, Plate IV, 27(f+M+e. sine of 

(M—0) nearly, and the velocity of the earth nearly =s [ l+e. cos of (M— <p) ] 

consequently merely by writing these for their equivalents in the expression 

T* smeofMN the aberration in i on <rit u de of Art. 6, No. 1, and recollecting that 
»' cosofSM ° 

whatever G may be, sine of G-270P=cos of (±G), it will stand -jr—^ 
.(l+e. cos of (M-(p)) Xcos of (M-l+e. sine of ( M-^))= n , J sofA X 
(l+e. cosof0-M)xcos of (M- J-e sine of^M)==by the theorem 
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used above, neglecting eg,&c., w , CQ * ofx X [cos of M— l+e. cos of 2 M— 

the same as above. And in the same way may the other expressions be im- 
mediately obtained. 

Art. 9. To find the aberration owing to the motion of the earth about its 
axis (Pig. 5/ Plate IV.)/ describe a sphere through the eye T of the observer 
passing through the star S. Let QKNM be a great circle of the sphere pa- 
rallel to the earth's equator and in this sphere let P. be the north pole of the 
equator and Z the zenith of the place supposed to be north of the equator; 
let PZK, PSM respectively be the meridians of the place and of the star, Q 
the equinoctial point termed the first point of Aries, QKN being t^ken in the 
order of the signs, that is from west to east, and which is in the order in which 
the eye moves. And the right line TN being in the equator perpendicular 
to TK, and directed as in the figure, it follows that if /' represent the velocity 
of the earth at the equator about its axis, E the hour angle reckoned from west 
to east, and in TN we take T£=g". sine of PZ, it will represent the velocity 
of the eye, and therefore expression 1, Art. 6, since NM=QKM-^ QKN=: 
QKM— 90°— QK=E— 90°, will give the aberration in right ascension or quan- 
tity to be added to the observed right ascension to have the true= ~ ^jfg^f 

X sine of NM= — % .cos of latitude of the place X , T*?v *• ' And 

ri r cos of star's declination 

expression 2 of the same Article gives the aberration in declination or quantity 

to be added to the observed declination, to have the true=— , • sine of PZ 

' ri 

.sine of MS. cos of (90°-E) = -4-. sine of PZ. sine of MS x sine of E=4 

.cos of latitude of the place x sine of declination of the star X sine of the hour 
angle. 

Art. 10. If S (Pig. 3. Plate IV.) be a planet, its latitude A, and longitude /, 
whose motion is in the direction parallel to NT and the velocity be equal in quan- 
tity and direction to tT ; and Tfl be the line of the nodes ; the plane NTfl will 
be parallel to the plane of the planet's orbit. Let the great circle Nfl be the 
section of the sphere by the plane QTfl ; TQ and Tn being both in the eclip- 
tic, and let ttS cut the ecliptic, whose pole is 7r, in C ; then QCl is the longitude 
of the node ; put this equal to k ; put flN or the angle the line of the planet's 
motion makes with the line of the node equal to A, and the 2 NnC or the in- 
clination of the planet's orbit to the plane of the ecliptic=fl. Now Art. 7, 
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the aberration in longitude arising from the planet's motion alone = ~ 

sineoftffa. sine of SN . ^, . . , . iW . , - * ^ . . 

B|n * of w > that is, drawing the great circle NB to cut ttS at right 

angles at B, J[l x - 8ITOof I ^ . L e t BN cut the ecliptic in D : then, because B 

atad C are right angled, D is the pole of BC ; therefore sine of NB=(cos of 
ND==) sine of Nil. sineof flD. cos of fl-fcos of flN. cos of flD; and 
flD is equal toXlC— 90 P =QC— QO— 90°; whence the aberration in longitude 

= n ,^ o(x [—sine of A. cos of (Z— A:), cos of fl + cos of A. sine of (Z— A:)^ 
or because cos of n= 1— 2 sine of^Qi 8 it becomes ^ ^ n , X [—sineof (A+Ar—Z) 

+2. sine of | up sin e of A X cos of (I-*)]. And the aberration in latitude by the 

— Tt T/ 
same Article, being — j- sine of SN .cos of 7rSj= — .sine of SN .cos of 

BSN=~£. sin^ of BN. cos of ZSN ; but cot of ZSN=sine of BS. cot of 

BN ; !• sine of BN xot of ZSN= cos of BN. sine of BS ; but ND is the 
complement of NB, and the arc BC (or angle D, because D is the pole of BC) 

is equal to X— BS ; hence the aberration in latitude sine of ND. sine of 

I NDC)=±-^- [sine of ND .cos of NDC .sine of X— sine of ND .sine of 

NDC .cos of x J ; but sine of ND .sine of NDC=sine of Nfl . sine of Cl ; and 

• sine of ND. cos of NDC=cot of NDC .sine of Nfl .sine of fl, ; but cot of 

NDC= — 8 "! e cot of nN+cos of HD. cot of £1 ; whence sine of ND 

sine of £1 1 ' 

.cos of NDC= —sine of flD .cos of XlN + cos of flD .sine of Nfl .cos of a 
and the aberration in latitude = -jjr [(—sine of HD. cos of flN + cos of 
flD. sine of Nil. cos of fl) sine of X — sine of Nfl. sine of 0. cos of x] 
=-^-[(cos of (Z— Ar). cos of A + sine of (Z— A:) sine of A. cos of O). sine of 
X— sine of A. sine of O. cos of X J = [(cos of(A + A: — Z). sine ofx + 

2. sineof|.ai 2 sine of (A:— Z) sine of A. sine of X— sine of A. sine of XI. cos of x] 
ift?repf&ent the heliocentric distance of the planet from the ascending 
node, and tut the heliocentric distance of the perihelion from that node, e r the ec- 
centricity to the mean distance unity of the orbit, { the mean velocity of the 
planet, we have from the note at the bottom of the page where Art. 8 com- 
mences, T*=g'.[l+e' cos of (i>— sr)] nearly, and A or I ON = i> — 90°— 
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> • . «f — nearlv • sine of (A_J+ft)=sine of (v+k-l-e'. sine of (»-sr)-< 
— rthe etre from above we have the aberration in longatude ansmg from 

apparent longitude to give the true longitude = ^[1 + ^ - ^ of 
'cosof (v-l+k^. sineof 5=)- 2 cos of 7=F. fl^X cos of („-* 
Lof^)>b y thetheo r e mm e n tion edinA rt .9.^ [cosof( P ^- fc ) 

+e' sine of ( er-l+k. )-2- sT^M? 4 - cos of «,+✓. cos of *r. cos of (/-ft) J 

And the aberration in latitude or quantity to be added to the apparent lati- 
tude ^ve the «xue latitude from the proper motion of the planet, the eye 
W,ngconsideredatrest=i[l + e'. cosof-,] X [cos of ( U+fc -/-e sineof 

^_90»)xsine of X-(2. Z^>*- *™ of S=t of X-sine offl : cos 
of x)x(cos of *-e' sineof ^)] = (by the theorem in Art. 9) ^J^e-tf 
(r+ fc_J-9tf>). sine of x+e' cos of fr+k-l-90P). sine of X-(3. sine of *a 
.sine of 1=1 «ne of X-sine of ». cos of x) X (cos of . + e. cos of •)]- 
$ [|sine of (»+*-!) +*'• tf(«r+*-0-« a=3*Sfc *«• ° f ^ < cos 
of„+e'.cosof OT )].sineof X+sineof n. cos of X. (cos of *+e". cosof *)] 

And for a comet if a' be the velocity at the perihelion, from the same node, 
W e have h= *-±= -90° and 17= A cos of * (»-«•)• And therefore the aber- 
ration of the co'met supposed to move from west to ^;^£° m ^ 
in longitude which it is necessary to add to the apparent longitude to obtain ^ 

, co8ofj^ r_ s i n eof (— -90+ft-0+ 3 • si,leof * Ci, 
true, is equal to £ J^oI^fxL v 2 

-i cosof 8 -=-r ' (°+ ar . ; a 

x sine of e±- _ 9(f). cos of (i - *) J=... =aT rL COi T" + *" f) " 

i 3=3*2-. cosof (ft-*)- (cos of •-==)]. And the aberration of latitude 
or quantity to be added to the apparent latitude to have the true latrtude 
^ w rftOM £ sine of (^±?+ft-0. sine of X-2 sine of X. sineof^ 8 »«« 
of(ft-0.cosof^ + cosof^.sineofn.cosofx] 

To these aberrations of the planet or comet arising from.ita proper mo o 
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there are to be added the aberrations owing to the motions of the eye, of which 
those due to the motions of the earth about the sun are given in Art. 8, and 
those owing to the motion of the earth about its axis are very small, and of 
which we have given the quantity in right ascension and declination/ but not in 
longitude and latitude, which in fact would be here required, but those quan- 
tities are easily found by our general method. 

As to the aberration connected with the place of the sun and moon, as the 
tables of their places contain the correction, except the slight alteration arising 
from their irregular motions, it is not necessary to take account of it in this 
place ; unless it be thought proper to correct the place of the sun when the geo- 
centric places of the planets are to be obtained from having the heliocentric 
place given from the tables. 



Since the great extension of symbolic notation, mathematicians have almost 
universally dropped the preposition in expressions such as, sine ofx, tangent 
ofx, logarithm ofx, fluent of &c, either with a view to abbreviation, or in the 
idea that sin x, tan x, log x, &c. are more symbolic than sine ofx, &c. : but I 
have always disapproved of that form of expression, as I consider, for instance, 
that sin x in reality rather expresses that x is the sine than that x is the arc. 
And the same mathematicians who most commonly use sin x to express the 
sine of the arc x, use it also to express that x is the sine ; and so also of tan x, 
&c. : thus Euler ( Institutiones Calculi Integralis J, vol. i. page 146, has <e ang 
sin x;" page 148, ee ang cos x;" page 93, cc arc tan x;" in which x is put respec- 
tively for the sine, cosine, and tangent ; and not for the arc, agreeably to his more 
common notation. Also Arbogast (Derivations, page 9,) has the expressions 
" arc sin ( a +g+ y:x *+ & c ). logsin(a+&c+ya:*+&c.), ,, &c. In the first of 
these two, ' sin' implies that a+6x+&c. is a sine ; but e sin* in the second im- 
plies that it is an arc. La Croix in his Traiti Elimentaire de Calcul Diff. 

p. 372, has the expression cc arc tang where tang signifies that -y- is a 

tangent, and not an arc as usual. These anomalies in notation have evidently 
been considered an inconvenience, as is apparent from the adoption by different 
authors of another mode of expressing the above or similar functions; thus on 
the same page to which we have just referred we have the two modes of no- 
tation, arc (tang-—-) and arc (tang=-y-), for the same thing. The latter 
vol. I. part II. 2 R 
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notation, unless, for f =* we are to read being or some similar word, appears to me 
awkward ,* as when such expressions occur in an equation, in reading it, the 
attention may be distracted by the different intents, and interruptions of the 



the v above becomes Necessary foiM;he othfcr meaning. But if the preposition be 
not dropped where in propriety it should be used, we shall have 'sine of x/sine 
ac/ &c. put for what they in reality express. Emerson frequently in his table 
of fluxions and fluents retains this preposition ; and Landen (see his Lucubra- 
tions} seems quite sensible of the necessity of retaining it. • I have generally 
been careful not to omit it ; and I cannot think, as I believe some mathemati- 
cians do for whose judgement and accuracy I have the greatest respect, that 
" sine (of x)/' " sine 2 (of x)" " sine-^of x)/' are less analytical expressions 
than "sinx," " sine 2 (x)/' " sine-^x)." Strict notation appears to me of 
the greatest moment in complex analysis; and I much admire the present 
adopted distinction of expression, "sin^," " sine x n ," and "shnSV' &c. with 
the exception that, for the reasons above given, I require the preposition to 
be retained. 



term equal ; notwithstanding which, should 'tang' in the expression "tang— " 

-j • • ' ' ' ■ ' x ■ ' ■ u 

be used, as it generally is, to express tc tang of — >" such, or a similar, notation as 





XXV. On the Measurement of Altitudes by the Barometer. 
By Professor Littrow, of Vienna, #c. #c. 

Read December 13, 1822. 



My object is to give a method of determining altitudes by barometrical 
measurements simpler than any hitherto known to me, and yet quite exact. 
Many attempts have already been made to accomplish this object, and they 
may be distributed into two classes ; the former of which aim at embracing the 
analytical formulae on which the research is grounded in all their generality, by 
which the tables become voluminous, and cumbersome to the traveller, who 
would frequently be desirous of knowing on the spot the result of his obser- 
vations ; the others, to avoid this evil, give, it is true, small and compendious 
tables, but which either presume the use of logarithms, which every traveller 
does not know, and which renders another huge book necessary ; or abridge 
the original formulas, and omit parts of it, which cannot but injure the accuracy 
of the results obtained. 

The want therefore of very easy, very small, and yet perfectly exact tables 
is yet, to the best of my knowledge, unsatisfied ; and what follows is an attempt 
to supply this deficiency. 

I take for the basis of the whole research the well-known formula of 
Ramond, as given by Laplace in the 4th volume of the Mecanique Cileste, 
which is generally acknowledged as the best. 

If we call 6, t, T, the barometer, the external and interior thermometers 
(where, consequently, T represents the temperature of the mercury, and t that 
of the outward air,) for the upper station ; and b' ', t', T' the same things for the 
lower ; <p the geographical latitude ; and lastly H the difference of altitudes of 
the two stations in toises, then Ramond's formula is 

N=9436.966 (1+0.00284 cos 2 <p) . (1+0.0025 (*+*')) 

h_m i *' r L 

n-n. lo fr[' 1+0 . 000M(T ,_ T) ]6 

2r2 
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We must now endeavour to express this somewhat complicated formula by 
a small table so constructed as to require only the three first rules of arithmetic, 
without the need of any knowledge of proportions, of logarithms, &c. Besides 
which, the computation must be short and easy, and the result perfectly 
exact. 

To attain this end, let us take the two magnitudes M, m, so as to have 

M=9436.966 (1+0.0025 (*+*')} 

m= 1+0.00023 (T'-T). 

If then for a while we leave out the consideration of the factor dependent 
on <p, Ramond's formula gives 

H=M. log.-^r- 

Suppose then we assume 

H=M. log.-f + x. 

Equating the two values of H, and observing that m — 1 is always a very 
small quantity compared with unity, we find 

x=-0.4342945 M (m-1). 

Or, restoring the values of M and m, 

x= -0.94264 (T'-T) -0.0023565 (T'-T) (t+t). 

After this introduction, it is easy to give the formula (I.) the following 

form, where 0= ^ii. 

4 

%= {M. log. *2^S2!L + (0.943+0.0096 0 T } 

-{M. log. g ffig +(0.943+0.00964) T'} II. 

an expression which it is very easy to reduce into a table having the above- 
mentioned properties. I assume, for instance, that the tables shall give for 
every value of b the quantity 

A=9436.966. log.^H™. 
and then proceed as follows : 

We first seek A for the upper station, entering the table with b; then 
place the decimal point in A two places forward, and multiply this new number 
by*. WelastlyseekB=0.943+0.00964,andmultipIythisnumberbyT. The 
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sum of these three quantities is an approximate v&lue of the height A of the 
first station above a certain fixed point. In other words, 

A = A + 75T+ BT - 
In like manner we seek the quantity 

and the difference of altitudes required will be in toises 

H = A-A'. 

We see that the quantities 6 and B are the same for both the two stations, and 
need therefore only be computed once. The thermometer here is supposed to 
be Reaumur's. If we use Fahrenheit's or any other scale, it must be re- 
duced to Reaumur's. The barometrical altitudes B, V, may however be 
taken in any scale, English, French, German, &c, and require no reduction. 
If we would avoid computing B, we may use the following little table. 



« B 


e b 


-10°.. 0.85 


+ 0°. . . . 0.94 


- 9 . . 0.86 


1 . . . . 0.95 


- 8 . . 0.87 


2 .... 0.96 


- 7 . . 0.88 


3.... 0.97 


- 6 . . 0.89 


4 . . . . 0.98 


- 5 . . 0.90 


5 . . . . 0.99 


- 4 . . 0.91 


6 .... 1.00 


- 3 . . 0.92 


7 . . . . 1.01 


- 2 . . 0.94 


8 .... 1.02 


- 1 . . 0.94 


9 .... 1.03 


0 . . 0.95 


10 .... 104 




11 .... 105 




12 .... 1.06 




13 .... 1.07 




14 .... 1.08 




15 .... 1.09 



For the factor in <p I have provided by a peculiar and very convenient table 
which follows from the equation 

Corrected H=H (1 +0.00384. cos 2p). 
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To find the errors to which these interesting observations are usually liable, 
the equation (I) gives, making H, t and if -variable, 
q = 0.0025, 

putting; «=l+0.0025 (*+«% whence it Mows that a degree of error in the 
construction or reading off of the two exterior thermometers renders H erro- 
neous by 0.0025 part of its value, and thus produces errors as follows : 
In an altitude of 400 toises an error of 1 toise. 

800 .... .... 2 toises. 

1200 3 .... 

&c. &c- 
We must therefore take care to be provided with good thermometers when the 
altitudes are great, if we would obtain correct results. 
If we make H, T, TV variable, we have 



dR 0.943 



a. (dT-dV). 



~H H 

Whence it follows that the interior thermometers, or those attached to the 
mounting of the barometer, exert a less hurtful influence in producing error, 
the greater the altitude is. For the levelling of rivers, streets, &c, the exterior 
thermometer requires to be particularly good. 
Finally, if we make H, b, V, variable, 

da _ 4088.4884 / db' _ db_*. 

"g 5 V V b I 

Whence it follows that an error in the barometer is the most important of all, 
and that this relative error is so much greater the smaller is the altitude H. 
Hence, for the purposes last enumerated, the barometer should be used with 
great caution. 

It remains still to show how one may conclude the altitude abovethe sea trom 
one insulated observation. It is well known that this process does not give the 
altitude so exactly as the method of corresponding observations. We require 
first the height of the barometer V on the level of the sea at the time of obser- 
vation. By a great number of observations I find that we may take 

In. Lin. In. 

6' = 28 2 = 28.16666 Paris. 
It is more difficult to estimate the temperature € on the level of the sea at the 
time of observation. Lindenau has employed a number of observations o 
Saussure (in the 11th volume of the Monatlichen Correspondenz of Baron Von 
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Zagh, and more lately in his Tables Barometriques,Gothii\90&), and grounded 
thereon a table. I find that this table represented very well such observations 
as I could collect on this point, and that the numbers in it might be represented 
with sufficient accuracy for our purpose by the following simple equation : 

f or T' = &3 + t-2b; 
when t and ft represent the heights of the exterior thermometer, and the 
barometer at the upper station. 

It is right to elucidate the use of the tables by an example, by which their 
convenience will appear. 



Example I. 



Upper Station. 
In. Lin. 

6=22 5.6 
t= 8°.4 Reaum. 
T= 9.3 



Lower Station. . 
In. Lin. 

6'=27 3.2 
f=15.2 
T'=16 4 









9=58° <y 


This gives 


t 


1=5.9; 


B = 






935.9 


135.6 






-9.2 


-2.5 


A 




926.7 


133.1 


Aft 




54.7 


7.9 


100 




BT 




9.3 


. . . 16.4 


h 




990.7 


. . . h'= 157.4 


h' 




157.4 




H 




833.3 




Cor. for <p 




-1.0 





H (cor d .) = 833.3 Toises. 



Upper Station. 

In. Lin. 

6= t9 8.7 
<=-12.3 
T=-10.5 
9=80"?; 



Example II. 



0=-2.5; 



Lower Station. 



In. 
6'=26. 

t'= 2.3 
T'= 3.5 
B=0.919 



Lin. 

4.5 
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Consequently, 

1472.3 275.9 

-12.1 -6* 



1460.2 269.5 

-36.5 -6.7 
-9.6 +32 



h 

h' = 266.0 

H = 1148.1 

-0.5 



1414.1 h'= 266.0 



H' = 1147.6 Toises. 



Example III. 



Let b = 19 in. 10.14 lin. <=3.2, T= 7.6, required the height above the sea 



This gives 
Consequently, 



«'=T=16.5; 0=4-92; B=0.99. 



1437.7 
- 2.4 



A = 1435.3 

AL = 70.7 

100 

BT = 7.5 



1513.5 
16.3 



1497.2 Toises = Height required. 
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TABLE I. 



Barom. 


A. 


Diff. for 
•Ay line. 


Barom. 


A. 


Diff. for 
tV line - 


Barom. 


A. 


Diff. for 
^line. 


In. Lin. 
29 6 


— 189.5 


1.16 


In. 

26 


Lin. 
7 


237.2 


1.28 


In. 

23 


Lin. 
6 


742.4 


1.46 


5 


— 177.9 


1.16 




6 


250.0 


1.30 




5 


757.0 


1.46 


4 


— 166.3 


1.16 




5 


263.0 


1.29 




4 


771.6 


1.46 


3 


— 154.7 


1.17 




4 


275.9 


1.29 




3 


786.2 


1.47 


2 


— 143.0 


1.18 




3 


288.8 


1.30 




2 


800.9 


1.48 


1 


-131.2 


1.17 




2 


301.8 


1.32 




1 


815.7 


1.48 


29 0 


— 119.5 


1.19 




1 


315.0 


1.30 


23 


0 


830.5 


1.49 


28 11 


— 107;6 


1.18 


26 


0 


328.0 


1.33 


22 


11 


845.4 


1.50 


10 


— 95.8 


1.18 


25 


11 


341.3 


1.32 




10 


860.4 


1.50 


9 


- 84.0 


1.20 




10 


354.5 


1.31 




9 


875.4 


1.51 


8 


— 72.0 


1.19 




9 


367.6 


1.34 




8 


890.5 


1 .50 


7 


— 60.1 


1.19 




8 


381.0 


1.33 




7 


905.5 


„ 1.5i 


6 


— 48.2 


1.21 




7 


394.3 


1.33 




6 


920.6 


1.53 


5 


— 36.1 


1.20 




6 


407.6 


1.36 




5 


935.9 


1.52 


4 


- 24.1 


1.20 




5 


421.2 


1.33 




4 


951.1 


1 .53 


3 


- 12.1 


1.21 




4 


434.2 


1.35 




3 


966.4 


1.53 


2 


0.0 


1.22 




3 


448.0 


1.35 




2 


981.7 


1.55 


1 


12.2 


1.21 




2 


461.5 


1.36 




1 


997.2 


1 EC 

1.55 


28 0 


24.3 


1.23 




1 


475.1 


1.37 


22 


0 


1012.7 


1.56 


27 11 


36.6 


1.22 


25 


0 


488.8 


1.37 


21 


11 


1028.3 


1.56 


10 


48.8 


1.23 


24 


11 


502.5 


1.38 




10 


1043.9 


1.58 


9 


61.1 


1.24 




10 


516.3 


1.38 




9 


1059.7 


1.07 


8 


73.5 


1.23 




9 


530.1 


1.38 




8 


1075.4 




7 


85.8 


1.24 




8 


543.9 


1.39 




7 


1091.2 


1.5/ 


6 


98.2 


1.25 




7 


557.8 


1.39 




6 


1 106.9 


i /?a 
I .ou 


5 


110.7 


1.24 




6 


571.7 


1.39 




5 


1122.9 


1.0U 


4 


123.1 


1.25 




5 


585.7 


1.39 




4 


1 1 QQ O 


1.60 


3 


135 6 


1.25 




4 


599.6 


1.40 




3 


1154.9 


1.60 


2 


148.1 


1.27 




3 


613.6 


1.41 




2 


1170.9 


1.62 


1 


160.8 


1.26 




2 


627.7 


1.42 




1 


1 187 1 

J. J.O/ . 1 


1.63 


27 0 


173.4 


1.27 




1 


641.9 


1.42 


21 


0 


1203.4 


1.63 


26 11 


186.1 


1.27 


24 


0 


656.1 


1.43 


20 


11 


1219.7 


1.64 


10 


198.8 


1.27 


23 


11 


670.4 


1.43 




10 


1236.1 


1.65 


9 


211.5 


1.29 




10 


684.7 


1.44 




9 


1252.6 


1.65 


8 


224.4 


1.28 




9 
8 
7 


699.1 
7l3.i 
727.9 


1.44 
1.44 
1.45 
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TABLE I. (Continued.) 
fori 



, Barom. 



In. Lin- 
i 20 8 



Diff. »r| Barom . 



1269.1 



1.65 I 17 



1285.6 1.65 

1302.1 1-68 
1318.9 1.67 
1335.6 1.68 
1352.4 1.68 

1369.2 1.71 



A. 



Diff.for I 



I 20 0 
19 11 
10 



19 

I 18 1 



10 



1386.3 I 



1.70 I 17 



1403.3 1.72 I 16 11 

1420.5 1.72 J 10 

1437.7 1.73 

1455.0 1.73 

1472.3 1.74 
1489.7 1.74 

1507.1 1.76 
1524.7 1.77 

1542.4 1-76 
1560.0 1.77 
1577.7 1.79 



1595.6 I 
1613.6 1 



1 80 I 16 
1.80 1 15 1 



1631.6] 1.81 

1649.7 1.82 

1667.9 1.83 

1686.2 1-83 

1704.5 1.83 



10 



18 
17 



6 


1722.8 


1.86 


5 


1741.4 


1.86 


4 


1760.0 


1.86 


3 


1778.6 


1.87 


2 


1797.3 


1.89 


1 


1816.2 


1 1.89 


0 


1835.1 


1.91 


11 


1854.2 


1.91 


10 


1873.3 


1.93 


9 
8 


1892.6 
1911.9 


1.93 
1 1.93 



15 



1931.2 
1950.6 

1970.2 I 
1989.9 
2009.6 

2029.3 I 
2049.3 
2069.4 
2089.6 
2109.8 
2130.1 
2150.5 ] 
2171.1 
2191.7 I 
2212.4 I 
2233.3 ' 
2254.3 I 
2275.3 
2296.6 
2317.9 
2339.4 
2360.9 
2382.6 
2404.3 
2426.1 
2448.0 
2470.2 
2492.4 
2514.7 
2537.1 
2559.7 



2582.4 



1.94 
1.96 
1.97 
1.97 
1.97 
2.00 
2.01 
2.02 
2.02 
2.03 
2.04 
2.06 
2.06 
2.07 
2.09 
2.10 
2.10 
2.13 
2.13 
2.15 
2.15 
2.17 
2.17 
2.18 
2.19 
2.22 
2.22 
2.23 
2.24 
2.26 
2.27 
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TABLE II. 



LATITUDE. 



H. 


+44° 
—46 


+42° 
-48 


+40° 
—50 


+ 38° 
—52 


+36* 
-54 


+ 34° 
-56 


+32° 
-58 


+36° 
-60 


Toises. 
50 

100 

200 

300 

400 


0.0 
0.0 
0.0 
0.0 
0.0 


0.0 
0.0 
0.1 
0.1 
0.1 


0.0 
0.0 
0.1 
0.1 
0.2 


0.0 
0.0 
0.1 
0.2 
0.2 


0.0 
0.1 
0.2 
0.3 
0.3 


0.0 
0.1 
0.2 
0.3 
0.4 


0.1 
0.1 
0.2 
0.4 
0.5 


0.1 
0.2 
0.3 
0.4 
0.6 


500 
600 
700 
800 
000 


0.0 
0.1 
0.1 
0.1 
0.1 


0.1 
0.2 
0.2 
0.2 
0.3 


0.2 
0.3 
0.3 
0.4 
0.4 


0.3 
0.4 
0.4 
0.5 
0.6 


0.4 
0.5 
0.6 
0.7 
0.8 


0.5 
0.6 
0.7 
0.8 
0.9 


0.6 
0.7 
0.9 
1.0 
1.1 


0.7 
0.8 
1.0 
1.1 
1.2 


1000 
1100 
1200 
1300 
1400 


0.1 
0.1 
0.1 
0.1 
0.1 


0.3 
0.4 
0.4 
0.4 
0.5 


0.5 
0.5 
0.6 
0.6 
0.7 


0.7 
0.7 
0.8 
0.8 
0.9 


0.9 
1.0 
1.0 
1.1 
1.2 


1.0 
1.2 
1.2 
1.3 
1.4 


1.2 
1.4 
1.5 
1.6 
1.7 


1.4 
1.6 
1.8 
1.9 
2.0 


1500 
1600 
1700 
1800 
1900 


0.2 
0.2 
0.2 
0.2 
0.2 


0.5 
0.5 
0.5 
0.6 
0.6 


0.7 
0.8 
0.8 
0.9 
0.9 


1.0 
1.1 
1.1 
1.2 
1.3 


1.3 
1.4 
1.5 
1.6 
1.7 


1.6 
1.7 
1.8 
1.9 
2.0 


1.9 
2.0 
2.1 
2.2 
2.4 


2.2 
2.3 
2.4 
2.6 
2.8 


2000 
2100 
2200 
2300 
2400 


0.2 
0.2 
0.2 
0.2 
0.2 


0.6 
0.7 
0.7 
0.7 
0.7 


1.0 
1.1 
1.1 
1.2 
1.2 


1.3 
1.4 
1.5 
1.6 
1.6 


1.7 
1.8 
1.9 
2.0 
2.1 


2.1 
2.2 
2.3 
2.4 
2.5 


2.5 
2.6 
2.7 
2.9 
3.0 


2.9 
3.1 
3.2 
3.4 
3.5 


2500 
2600 
2700 
2800 
2900 
3000 


0.3 
0.3 
0.3 
0.3 
0.3 
0.3 


0.8 
0.8 
0.8 
0.9 
0.9 
0.9 


1.3 
1.3 
1.4 
1.4 
1.5 
1.5 


1.7 
1.8 
1.9 
1.9 
2.0 
2.0 


2.2 
2.3 
2.4 
2.5 
2.5 
2.6 


2.6 
2.7 
2.9 
3.0 
3.1 
3.2 


3.1 
3.2 
3.4 
3.5 
3.6 
3.7 


3.6 

3. 7 

3.9 

4.0 

4.1 

42 



2s2 
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XXVI. A Note respecting the Application of Machinery to the Calculation of 
Astronomical Tables. By Charles Babbage, Esq. F.R.S. Sec. AsL Soc, 
$c. #c. 

Read 14th June, 1822. 



It is known to several of the members of this society that I have been en- 
gaged during the last few months in the contrivance of machinery, which by 
the application of a moving force may calculate any tables that may be required. 
I am now able to acquaint the society with the successful results at which I 
have arrived; and although it might at the first view appear a bold undertaking 
to attempt the construction of an engine which should execute operations so 
various as those which contribute to the formation of the numerous tables that 
are constantly required for astronomical purposes, yet to those who are ac- 
quainted with the method of differences the difficulty will be in a considerable 
degree removed. 

1 have taken the method of differences as the principle on which my machi- 
nery is founded ; and in the engine which is just finished I have limited myself 
to two orders of differences. With this machine I have repeatedly constructed 
tables of square and triangular numbers, as well as a table from the singular 
formula x«+a;+41, which comprises amongst its terms so many prime num- 
bers. 

These, as well as any others which the engine is competent to form, are pro- 
duced almost as rapidly as an assistant can write them down. The machinery 
by which these calculations are effected is extremely simple in its kind, con- 
sisting of a small number of different parts frequently repeated. 

In the prosecution of this plan, I have contrived methods by which type 
shall be set up by the machine in the order determined by the calculation ; and 
the arrangements are of such a nature that, if executed, there shall not exist 
the possibility of error in any printed copy of tables computed by this engine. 
Of several of these latter contrivances I have made models ; and, from the ex- 
periments I have already made, I feel great confidence in the complete success 
of the plans I have proposed. 

0/. JoABBAGE. 

Devonshire-Street, Portland-Place, 
June 2, 1822. 
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XXVII. Observations on the Application of Machinery to the Computation of 
Mathematical Tables. By Charles Babbaqe, Esq. F.R.S., £c. £c. 



Read 13th December, 1822. 



oINCE I had the honour of communicating to the Astronomical Society a 
short account of an arithmetical engine for the calculation of tables, which has 
been examined by several of the members of this society, I have not added 
much to the practical part of the subject. I have however paid some attention 
to the improvements of which the machinery is susceptible, and which will, if 
another engine is made, be greatly improved. 

The theoretical inquiries to which it has conducted me are however of a 
singular nature; and I shall take this opportunity of briefly explaining to the 
society some of the principles on which they depend, as far as the nature of 
the subject will permit me to do this without the introduction of too many alge- 
braic operations, which are rarely intelligible when read to a large assembly. 

Of the variety of tables which are required in the present state of science, 
by far the larger portion are intimately connected with that department of it 
which it is the peculiar object of this society to promote. 

The importance of astronomical science, whether viewed as the proudest 
triumph of intellectual power, or considered as the most valuable present of 
abstract science to the comfort and happiness of mankind, equally claims for it 
the first assistance from any new method for condensing the processes of rea- 
soning or abridging the labour of calculation. Astronomical tables were there- 
fore the first objects on which I turned my attention, when attempting to im- 
prove the power of the engine, as they had formed the first motive for con- 
structing it. 

I have already stated to the society, in my former communication, that the 
first engine I had constructed was solely destined to compute tables having 
constant differences. Prom this circumstance it will be apparent that after a 
certain number of terms of a table are computed, unless, as rarely happens, it 
has a constant order of differences, we must stop the engine and place in it 
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other numbers, in order to produce the next portion of the table. This opera- 
tion must be repeated more or less frequently according to the nature of the 
table. The more numerous the order of differences, the less frequent will this 
operation become requisite. The chance of error in such computations arises 
from incorrect numbers being placed in the engine : it therefore becomes de- 
sirable to limit this chance as much as possible. In examining the analytical 
theory of the various differences of the sine of an arc, I noticed the property 
which, it possesses of having any of its even orders of differences equal to the 
sine of the same arc increased by some multiple of its increment multiplied by 
a constant quantity. With the aid of this principle an engine might be formed 
which would require but little attendance, and I believe that it might in some 
cases compute a table of the form A sin 0 from the 1st value of 0=0 up to 0=90° 
with only one set of figures being placed in it. 

It is scarcely necessary to observe what an immense number of astronomical 
tables are comprised under this form, nor the great accuracy which must 
result from having reduced to so few a number the preliminary computations 
which are requisite. 

In pursuing into its detail the principle to which I have alluded, which lends 
itself so happily to numerical application, I have traced its application to other 
species of tables, and am enabled to point out a course of analytical investiga- 
tion which will in all probability afford ready methods for constructing tables, 
even of the most complicated transcendent, in a manner equally easy. 

I will now advert to another circumstance, which, although not immediately 
connected with astronomical tables, resulted from an examination of the engine 
by which they can be formed. 

On considering the arrangement of its parts, I observed that a different mode 
of connecting them would produce tables of a new species altogether different 
from any with which I was acquainted. I therefore computed with my pen a 
small table such as would have been formed by the engine had it existed in this 
new shape, and I was much surprised at discovering that no analytical method 
was yet known for determining its n th term. The following is the first series 
I wrote down : 
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Series. 


Diff. 




Series. 


Diff.. 




Series. 


Diff. 


0 . 


. . 2 


0 


10 . , 


, . 222 


42 


20 . . 


. . 024 


86 


1 . 


. . 2 


2 




264 


46 




1010 


86 




4 


6 




310 


46 




1096 


92 




10 


6 




356 


52 


25 . 


. . 1188 


100 




16 


12 


15 . 


. . 408 


60 




1288 


108 


5 . 


. . 28 


20 




468 


68 




1396 


114 




48 


28 




536 


74 




1510 


114 




76 


34 




610 


74 




1624 


118 




110 


34 




684 


78 


30 . 


. . 1742 


120 




144 


38 


20 . . 


, . 762 


80 




1862 


122 


10 . 


. 182 


40 




842 


82 




1984 





The equation of finite differences from which it is produced is 
A 2 u = units fiff . of u 

which is one of a class of equations never hitherto integrated. I succeeded in 
transforming this equation into a more analytical form : but still it presented 
great difficulties ; I therefore undertook the investigation in a different man- 
ner, and succeeded in discovering a formula which represented its nth term. 
It is the following : 

Table 
0 2 
12 

2 4 

3 10 

w = (T) + 206(106 + 2a-l) 4 16 

* 5 28 

6 48 

7 76 

8 110 

9 144 

where (a) represents the number opposite a in the annexed subsidiary table, 
and a is the figure in the unit's place of s, and b is that number which arises 
from cutting off the last figure from z. Example : let the 17th term be re- 
quired, then 2=17, and a=7> 6=1 ; the number opposite 7 in the table is 

(7) = . • • 76 
106 + 2a- 1 = 10+14- 1 = 23 

206 = 20 206 (106+2a-l) = 460 

536 = u 

17 
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I have formed other series of the same elass, and have succeeded in express- 
ins any term independent of all the rest by two distinct processes. Thus 
have incidentally been able to integrate the equations I have mentioned: I 
will just state one other of a simple form ; it is the equation 
A m units fig. « 

z ~ 

whose integral is ^ = ^ + go . 

where a is that one of L numbers 1, 2, 3, 4, which taken from . leaves the 
remainder divisible by 4, and b is the quotient of that dms.on. 
The table is as follows : ^ 

4 
8 

4-16 

22 
24 
28 

8-36 

42 

One of the general questions to which these researches give rise is, suppo- 
sing the law of any series to be known, to find what figure will occur m the ftth 
place of the nth term. That the mere consideration of a mechanical engine 
should have suggested these inquiries, is of itself sufficiently remarkable; but it 
is still more singular, that amongst researches of so very abstract a nature i 
should have met with and overcome a difficulty which had presented itselt in toe 
form of an equation of differences, and which had impeded my progress several 
years since, in attempting the solution of a problem connected with the game 
of chess. 
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XXVIII. On some new Tables for determining the Time, by means of 
Altitudes taken near the Prime Vertical. By Francis Baily, Esq. 
F.R.S. and L.S. 

Read January 10, 1823. 



As every method which tends to abridge the labour of computation must be 
desirable to the practical astronomer, I hope I need not apologize for draw- 
ing the attention of the Society to the subject -of the following pages. 

To those persons who are fortunately possessed of transit instruments the 
following observations are trot addressed : but, since this is not the lot of all, 
$nd as many persons may be desirous of obtaining the correct time, who 
either have not the means or convenience of seffixing a transit instrument, or 
who may be travelling with a view to the improvement of the connected 
sciences of astronomy and geography, I trust that the subject will be con- 
sidered, if not generally, at least partially useful. 

It is well known to the practical astronomer that all observations of altitude 
for determining the time should be taken as near the prime vertical as pos- 
sible ; since the motion of the star in altitude is the greatest at this point of its 
revolution : and, on the other hand, the least possible effect is produced from 
any error in the assumed latitude of the place. It is therefore necessary that 
those persons, who are travelling for the purposes above mentioned, or whose 
positions on the globe are not accurately ascertained, should attend particu- 
larly to this remark. To which I may add, as a further argument for its 
adoption, that the computations, to which I am about to allude, will by such 
means be rendered extremely simple and «asy. 

In order to determine the time correctly, by this method, the following 
quantities are required to be known. 

L = the latitude of the place 
D = the declination of the star 
Z = the zenith distance of the star 
St2 
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whence we deduce 

6 = the hour angle 
bv means of the following general expression 

, *ri±fcffl]..[!=%=2!] ,„ 

sin 2 — = cos L. cos D 

and by applying $ to the apparent right ascension of the star (=*) we shall 
have the correct sidereal time T= . M±d (2) 

When a series of observations is taken, as is generally the case the appli- 
catl" rhXnula becomes exceedingly troublesome. Neverthe ess there 
Tno effectual mode of abridging the labour, although some recent attempt 
havebeen made for thatpurpose. SeeBoDE's^ronoHUsefc Mrbuch , forl818, 
Jale m : and ConnuLnce des Terns for 1820, pages 357 and 397^ But, 
[f fhe observations are made near the prime vertical, the formula may J, ren- 
ltd -cLore simple, and the computations much more easy, as I shall now 

Pr °Fo e r e , d whlnThe star is on the prime vertical we may deduce the altitude A 
(= 90 — Z) from the following formula 
. . sinD 
s,n A = lhTL 
and 6 from either of the two following formulae 

. cos A 
sin 0 = 

cos & = tan D. cot L W. 
It will be evident, from the inspection of these formula that the altitude ot 
the star, and also the hour-angle depend wholly on the declination rf tta*tf 
and the latitude of the place : which may be considered as constant quantises 
during any series of observations. It will be easy therefore to compose a table 
for any given latitude, containing the altitude and hour-angle (when on the 
prime vertical) of any number of stars proposed to be observed. But, since 
a series of observations, they cannot all be confined to this point, it will d 
necessary to make a correction for such deviation therefrom as may occu 
This may be effected in the following manner. 

The general equation for deducing the altitude of a star is 
sin A = sin D. sin L+cos D. cos L. cos t. 
If we difference this equation, assuming A and 0 as variable, and the res o 
the quantities as constant, we shall have 



- k sinP (3) 
sin A = - - -" N ' 



. cos A . (4) 

sin 0 = fr v J 

cos D 
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d A. cos A = — d 0. sin 0. cos D. cos L. 
dA sin Q. cos D. cos L. 

dT"~""~~ cos A. (6) 

But, we have seen that, when the star is on the prime vertical, 

- cos A 

sin 0 = =r 

cos D 

whence we have in such case 

d A = — d 0. cos L. (7) 
which will enable us to deduce with sufficient accuracy, for several minutes 
before and after the passage of the star across the prime vertical, the variation 
in the hour angle corresponding to any given change in altitude within those 
limits. And which, if thought desirable, may with a little additional trouble, 
be extended to full half an hour on each side of the prime vertical. 

I have hitherto supposed the declination of the star to be constant : and if 
the observations be confined to a short period of the year, no sensible error 
would arise from such assumption. But, if the tables be intended for frequent 
use, as opportunities may occur, it will be necessary to. determine the correc- 
tions to be made to each star (both in the altitude and in the hour angle) on ac- 
count of this assumption. And, first, with respect to the altitude. 

By differencing the equation (3), making A and D variable, we have 

d A. cos A = d D. 008 T P 

sin JL. 

dA = dD.- cosD 



' cos A. sin L. 

= d D. cot. D tan A. (8) 
And by differencing the equation (5), making 0 and D variable, we" have, 
for the hour angle, 

cot L 



d 0. sin 0 = — d D, 
d0=-dD. 



cos 9 D 

cot L 
sin 0. cos *D 



= -dD. . n (9) 

sin D. cos D. 

If there be any reason for suspecting an error in the assumed latitude of the 
place, the corrections for the altitude and hour angle may, in like manner, be 
deduced from the following equations : 

dA=-dL. tan A.cot L. (10) 

i ( -dL, (11) 

sin L. cos L. 
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but, as far as regards the subject of this paper, I shall presume that the latitude 
of the place is known with sufficient Accuracy. 

I shall now proceed to show the application of these formulas to the subject 
of this communication : and perhaps this cannot be better effected than by 
forming into a table a few of the values which I have computed for my own 
observatory, in N. Lat. 51° 33* 34". 

The first column of Table I. contains merely the names of the stars. The 
second contains the assumed declination of the star, from which the values in 
the subsequent columns are deduced. The third contains tfre altitude of the 
star when on the prime vertical, deduced from equation (3) : and ttoe fourth, 
the hour angle, or distance from the meridian at the same point, deduced from 
equation (5). The fifth and sixth columns contain respectively the variations 
in altitude and in the hour angle, arising from an increase of I" in the decline 
tion of the star. In this case it will be obvious that the variation of A will be 
plus, and of 0 minus : but, if the apparent declination be less than that assumed 
in the table, these signs must be changed. These two columns are deduced 
from equations (8) and (9). 

Table II. contains the variation in the hour angle corresponding to a given 
variation in the attitude, deduced from equation (7). It will give the value 
sufficiently accurate for a quarter of an hour on each side of the prime vertical, 
which may be considered as a sufficient period for such observations : but I 
have extended it to double that distance, by the help of the general equation (1). 
In proportion however as we extend these limits, the table will be less correct, 
since it will not in such cases apply equally to -every star : whereas on the prime 
vertical, and contiguous thereto, the value depends wholly on the latitude of 
the place of observation. 

This being premised, I shall attempt to show the use of the tables, by means 
of the following 

Rule. 

Find, in the Nautical Almanac, or any other ephemeris, the apparent decli- 
nation of the star, and note down the number of seconds between the value 
there given and the assumed value in the second column of Table I. Multiply 
with this number (considered always as plus) the numbers which express the 
variation of A and the variation of 0, in the fifth and sixth columns, affixing the 
proper signs thereto : and apply those results to the values of A and & respec- 
tively, as given in the third and fourth columns ; which will give A and d cor- 
rected for the true declination. Correct the observed altitude for refraction ; 
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and take the difference between such corrected value, and the value of A cor- 
rected as above. With this diffeienee of altitude find the corresponding varia- 
tion ia the hour angle* by Table II. Then if the observed altitude (cor- 
rected for refraction) be less than A corrected, add it to 0 corrected as above ; 
but, if greater, subtract it therefrom. This, result added to the apparent right 
ascension of the star on the day of observation, will give the correct sidereal 
time, if the observation be made towards the west ; but if made towards the 
east, the result must be subtracted from the right ascension of the star (in- 
creased by 24*, if necessary). 



On March 23, 1822, at 9 h 24 m 44 s , sidereal time by the clock, in N. Lat. 
51° 33' 34^', I observed the altitude of Aldebaran, near the prime vertical 
westerly, to be 21° 57" 39", when corrected for refraction. Required the 
correct sidereal time ? 

Apparent D = 16° 8* 44" 

Assumed D = 16 8 0 




+ 1".3090= +5r.60 = correction of A 
—0 .0589= — 2.59 = correction of & 



2(3 46 46.2 
+ 57.6 



ALTITUDE. 



TIME, 
h m s 



correction 



By Table I 



5 6 54.33 
- 2.59 



tabular value corrected. . 
observed value corrected 



20 47 42.8 

21 57 39.0 



5 6 51.74 



1 9 56.2 



=r-7 30.03 



4 59 91.71 
yR«4S5 43.81 



correct time 9 25 5.52 
observed time 9 24 44.00 



clock too slow 9 



21.52 
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Example II. 

On August 21, 1823, I took six double sets of the altitude of Ardmw, , in 
the fetftuoe above mentioned, when near the prime vertical westerly with the 
SStS and azimuth instmment, first with the fece le^ 
r It the mean of the .hole, when corrected for refraction, was 2* 5b 9 . 
at it' 6- 45«.2 sidereal time by the clock. Required the error of the clock? 
Apparent D= 20° 6' 42" 
Assumed D =20 7 0 

TZZf - 1",3310 = - 24".00 for A. 

18X \ + 0.0627 . = + 113 for 6. 

ALTITUDE. TIME - 

By Table I = 26° 2\49".l 4* 52»23».60 

correction = — 24 0 + * * 

corrected = 26 2 25.1 4 52 24.73 

observed = 24 58 9.0 

1 4 16.1 = + 6 53^57 

4 59 18.30 
j£i = 14 7 34.90 

correct time =19 . 6 . 53 - 20 
observed time = 19 6 45.20 

clock too slow = 8.00 
The advantage attending this method is the great facility with which the 
computations are made, compared with those which are required by the gene- 
ral formula-(l). - -The time and labour employed in calculating the » Dle8 
not great : and when once effected they will serve for a considerable penoa, 
and prevent a recurrence of error. To persons travelling for any astronom. 
purpose, this method may prove highly useful. The stars which they can co 
venienUy observe (for the purpose of deducing their time) during their y 
in any one place, can be but few in number : and by the formation ot a » 
table of this kind (which will not cost them more time or labour than the c 
putation of one day's work by means of the general formula) they may mu ip 
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their observations and diminish the chance of error, without any increase of 
trouble. And it may be useful to remark that if a table be formed for 
such occasional and temporary purposes, it will not be necessary to compute 
the values contained in the fifth and sixth columns : since we have only to cal- 
culate the equations (3), (5) and (7); which are extremely simple in their 
formation. 

In the preceding examples I have supposed the observed time to be sidereal 
time : but if the clock be adjusted to mean solar time, we must convert the 
correct sidereal time into mean solar time, by any of the known rules, prior to 
its comparison with the time given by the clock. This operation however, 
affects only the final result. 

Although I have, in the preceding investigations, confined the subject to the 
case of the stars only, yet it will be evident that the same principles may be 
occasionally applied to the sun. There are two objections however to the ge- 
, neral application of them in this case : 1°. the sun cannot, for nearly two thirds 
of the year, be observed at a convenient altitude, on the prime vertical, in these 
latitudes : 2°. the constant change in the declination of the sun would render 
it necessary in most cases to extend the table to an inconvenient size. Never- 
theless in some instances, near the summer solstice, when the change of decli- 
nation is small and slow, this method may be adopted with success. 

The mode of deducing the time from single altitudes of the sun or stars, 
possesses many advantages that will not apply to other methods in use for that 
purpose. M. Biot even prefers it to the transit instrument : but, setting this 
aside, it is evidently superior, in many respects, to the method of equal alti- 
tudes. The principles, on which this latter method is formed, may be more 
simple, and the practical application of them may be more easy : but there are 
many serious objections to the adoption of them. 1°. The observer is obliged 
to wait six, eight or ten hours between each series of observations. 2°. Fly- 
ing clouds or an unfavourable change of the weather, may render his first set 
of observations (particularly in this country) totally useless as to this method. 
3°. A change in the temperature and density of the atmosphere at the respec- 
tive periods of observations may cause a variation in the apparent altitude, and 
thus lead to an erroneous result. 4°. The time ultimately deduced by this 
method, is not the time at which either the first series of observations or the 
second was taken ; but some imaginary point between the two, the correct de- 
termination of which depends on the going of the clock during the interval. 
5°. The impossibility of detecting, by this method, whether the clock has 

vol. i. part II. 2 u 
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stopped*, or deviated from its usual rate, during the time elapsed between the 

^eteld of single altitudes is free from all these objections. The ob- 
server in a few minutes, completes his observations, and deduces h.s t,me with 
TZrlest accuracy, from principles whi|h are decided at the moment 
totS^ZZe contingency : and by the help of the formula, winch 
f hive detailed in this paper, the computations are rendered as easy as by the 

^eTelttwever, who stil, prefer the method of e q ual a^des 
and who observe the sun for this purpose, it may be useful to know that the 
Mowing formula will give the results more correctly than the usual tables on 
this subject. Make 

D = the declination of the sun at noon. 

^ = the double daily variation of the samef. 

L = the latitude of the place. 

h = half the time elapsed between the observations. 



A = 
B = 



720 hOBr "X sin 15 A. 
h 



720 hour *x tan 15 h. 

Then will the correction for equal altitudes of the sun be 

— A. /a. tan L. 
+ B. p. tan D. 

This formula was first given in 1811, by M. Gauss, in the MonaUkke . Cor- 
respondent, vol. xxiii. page 402, accompanied by tables of the value of the lo- 
garithms of A and B, for every minute of the half interval from 0" to 6 com- 
puted by M. Gerung : which will be found highly useful to those who are 
partial to this mode of deducing the time. These tables have since been re- 
printed by M. Schumacher in his Sammlung von Hulfstafeln, (the first par to 
which appeared during the course of the last year,) and are a valuable acquis - 
tion to the practical astronomer. 

* In winding np a clock, when nearly down, the second hand will sometimes stop, and ^some- 
times even move backwards, owing to the going-spring of the clock not being sufficiently s * 

t That is, the difference between the declination at the preceding and following no . 
Schumacher, in his Astronomische Hulfstafeln for 1821, 1822, 1823 and 1824, has give 
values for every day in the year : an example worthy of imitation in other ephemendes. 
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TABLE I. 
Computed for Latitude 51° 33' 34". 



Names 


Assumed 


Altitude. 


Hour Angle. 


Variation for every 
1" increase in De- 
clination. 


of the Stars. 


Declination. 


= A. 


= 0. 


in A. 
+ 


in 0. 


a Orionis 


o / 
7 22 


O 1 II 

9 25 18.2 


h m ■ 

5 36 26.37 


1.283 


8 

0.0541 


Regulus 


12 50 


16 28 26.5 


5 18 19.80 


1.298 


.0566 


Aldebaran 


16 8 


20 46 45.2 


5 6 54.33 


1.309 


.0589 


A returns 


20 7 


26 2 49.1 


4 52 23.60 


1.331 


.0627 


a Andromedae 


28 6 


36 58 0.8 


4 19 41.77 


1.410 


.0751 


Castor 


32 16 


42 58 5.9 


3 59 41.93 


1.475 


.0855 



TABLE II. 

Showing the variation in 6 corresponding to the given variation in A : 
computed for Latitude 51° 33" 34". 



Variation 
in 

Altitude. 


Variation in 
the 

Hour Angle. 


Variation 
in 

Altitude. 


Variation in 
the 

Hour Angle. 


Variation 
in 

Altitude. 


Variation in 
the 

Hour Angle. 


Seconds. 
1 


s 

0.11 


Minutes. 
1 


s 

6.43 


Degrees. 
1 


m s 
6 26.10 


2 


0.21 


2 


12.87 


2 


12 52.30 


3 


0.32 


3 


19.30 


3 


19 19.10 


4 


0.43 


4 


25.74 


4 


25 46.20 


5 


0.54 


5 


32.17 


5 


32 14.10 


6 


0.64 


6 


38.61 






7 


0.75 


7 


45.05 






8 


0.86 


8 


51.48 






9 


0.96 


9 


57.91 






10 


1.07 


10 


m. 

1 4.35 






20 


2.14 


20 


2 8.70 






30 


3.22 


30 


3 13.05 






40 


4.29 


40 


4 17.40 






50 


5.36 


50 


5 21.75 






60 


6.43 


60 


6 26.10 
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XXIX. On a new Method of computing Occultations of the Fixed Stars. 
By J. F. W.Herschel, Esq., F.R.S. Foreign Secretary to the Astronomical 
Society of London, &c. &c. Communicated in a Letterto Charles Babb age, 
Esq. F.R.S., #c. %c. 

Read 10th January, 1823. 



Dear Sir, 

The following method of computing an occultation will, I believe, be found 
simple in theory and exact in practice, and has the advantage of being stated 
in a manner which no one who understands the use of algebraic signs can 
misinterpret. 

I have the honour to be, 
Dear Sir, 

Yours very sincerely, 

John P. Wm. Herschel. 

i. From the moon's right ascensions as given in the Nautical Almanac, and 
the apparent right ascension of the star on the day of occultation, compute the 
moment of true conjunction in right ascension to the nearest minute. 

ii. Compute the real apparent zenith distances of the moon's centre and of 
the star, at the instant of conjunction in RA. — applying in the case of the 
moon the correction for parallax on the supposition of the earth's ellipticity, 
according to the usual well-known formula for that correction *. 

iii. Compute the apparent azimuths of the moon's centre, and of the star for 
the moment of conjunction, correcting that of the moon for the earth's ellipti- 
city *. The azimuths are to be reckoned from the north, eastward, and if the 
object be west of the meridian, its azimuth is to be regarded as greater than 
180\ 

iv. Determine from the azimuths and zenith distances so found whether the 
occultation is likely to be accelerated or retarded by the effect of parallax. If 
doubtful, leave it undecided. 



* See T. Mater, Tabula Motuum Solis et Luna, %c., p. cii. 
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v. Repeat the computations of zenith distances and azimuths for an hour 
before the moment of conjunction, if parallax be likely to accelerate the occul- 
tation ; but for an hour after that moment, if it be likely to retard it, or if it be 
dubious which will be the case. 

vi. The zenith distances and azimuths of both luminaries being; thus com- 
puted for two instants of time at an interval of an hour from each other, let the 
earliest of these instants be assumed for an epoch. Let Z and & denote the 
respective zenith distances (apparent) of the moon and star, and A, a, their azi- 
muths at this epoch ; and let the same letters accented denote then* values at 
the end of the subsequent hour. 

vii. Compute a and (3 in seconds of space by the following formulae : 

a=(ZW)-(Z-s) 

/3= (A'— a'), sin s'— (A— a), sin z. 

viii. Compute P and Q as follows : 

p _ (Z— s). (A'-g'). sin 2/- (Z'— g'). (A-g). sin z 
s\ ._ a (Z-g)+ff(A— g). sin z 

then will P be an arc, expressed in seconds, and equal to the least distance of 
the star from the moon's centre, and Q will be the time (in fractions of an 
hour) from the given epoch when the minimum distance is attained ; and this, 
added to or subtracted from the epoch, according to its sign, will give the mo- 
ment of the nearest approach, which in ordinary cases is the same with the 
middle of the occultation. 

ix. Compute from the Nautical Almanac the moon's semidiameter at the 
instant last determined. Correct it for the augmentation and when so cor- 
rected call it §. If g> be less than P, there will be no occultation. 

x. The semiduration of the occultation in all ordinary cases will then be 
expressed (in fractions of an hour) by 

and this added to, and subtracted from the time of the middle of the occul- 
tation will give the moments of emersion and immersion respectively. 

If extreme precision be required, the computation must be repeated, assu- 
ming for the epoch the moment of nearest appulse already found, and instead 
of an hour's interval between the first and second instants, allowing only ten 
minutes. 
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In this re-computation, Q, instead of being expressed in fractions of an hour, 
will be in fractions of ten minutes ; so that if the value given by the formula be 
multiplied by 10, Q will now be expressed in minutes, and must be applied 
with its proper sign as a correction to the first or approximate time of nearest 
appulse. 

Demonstration. 

Assuming the place of the moon's centre to be determined by two co-ordi- 
nates originating in the star, one of which x runs westward in a direction pa- 
rallel to the horizon, and the other y 3 perpendicular to it, downwards, we shall 
have 

ac=(A— a), sin z; and^=Z— z 
Assuming then x and y to increase uniformly during one hour, we shall have 
(if t be the time elapsed since the epoch) 

x=f+gt 

and eliminating t, we shall arrive at an equation of the form 

y=p + qx 

To determine p and q. let x 0 an&y, be the values of x,y, corresponding to 
the assumed epoch, and x t and 3^ those corresponding to the subsequent hour, 
then we have 

y=p + qx, 
3/o— P + qxo 

whence 
Now 

* 0 =(A-a) sin z ; x=(A!-a'). sin z 

y 0 =Z-z ; y t = V~*' 

Consequently 

^,-^=(ZW)-(Z-s)=« 

x,— jc 0 = (A'— a), sin z — (A— a), sin js = /3 

Whence 

n _ (AW) (Z-z). sin ^-(ZW) ( A_a). sin g 

i= i . _. 

Now since the distance of the star from the moon's centre is >/x«+y, its 
nearest appulse will be determined by the equation 

xdx + ydy = 0 
that is x + q (p+q = 0 
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whence we find 

X = — f^p > 
/— — P 

Moreover the apparent path actually descr^d + b y the moon's centre (re- 
ferred to the star) i n an hour being 

while that describe d from the^p och to the moment of nearest appulse ,s 

✓ (*-*.)*+(*-»•)" 
th» time of describing the lat ter space will he 

± i— x ^/ (— + 
which, by making the necessary'sXti^ns and reductions, become, 

° T ' _ a(Z-*)+|H^ -")• 8iD ' _ Q 

But the numerator of Action represents obviously, the n^rfjj 

therefore + or - according as » mcrmi "f ]ge must 

the distance be increasing at the epoch, the moment o ^Nrt app 

be then already past, and the time Q must be subtle ^ ^e vvhole 

that moment. This is the reason why the sign - »s prenxea 

fraction when cleared of the radical sign. 
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XXX. The Results of Computations relative to the Parallax of a Lyra, 
from Observations made with the Greenwich Mural Circle. By the 
Rev. Dr. Brinkley, Andrews Professor of Astronomy in the University 
of Dublin, F.R.S. %c. 

Read March 14, 1823. 



The opposite results deduced from the observations of the Greenwich mural 
circle and of the circle at the observatory of Trinity College, Dublin, relative 
to the parallax of certain fixed stars, have induced me to examine more mi- 
nutely the Greenwich observations. The apparent confirmation of the obser- 
vations made here, which I have recently deduced from the determination of 
the solar nutation, seemed to render the discordance of the instruments still 
more remarkable. 

I have been much surprised to find that one of the simplest methods of 
examining the observations of the mural circle appears to point out a parallax 
in oe Lyrae not sensibly differing in quantity from that which I had deduced by 
the circle of the College observatory. 

Prom the nature of the mural circle, the arch intercepted between the stars 
ought to be found the same at all seasons of the year, provided the proper cor- 
rections be made for annual variation, aberration, nutation and refraction, and 
provided there be no sensible parallax. If the arch be not found the same, 
some cause must exist, either arising from the instrument or some actual 
change in the relative position of the stars. 

With a reference to the question of parallax, a Lyrae has been chosen for 
examination, because it appears to have the greatest parallax of any star near 
the zenith. The pole-star, when above the pole, from the great number of 
observations that are to be found of it, from its having no sensible parallax 
according to my observations, and from some other circumstances, is an eli- 
gible star for comparison with a Lyrae. Using one star only as a point of com- 
parison for other stars, reduces in some measure the mural circle to the siropli- 
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city of reversing instruments, in which the zenith point is determined by a 
Sib-line. The pole star besides is particularly pointed out as being the 
ultimate object of reference for all stars in the use of the mural circle. 

If the divisions of the circle were perfectly exact, it would be immaterial 
whether the position of the telescope remained the same at the opposite seasons 
I which the intercepted arches are compared. But, admitting ; the divans of 
the Greenwich circle to be as accurate as human abihty could execute them 
it is not to be expected the effects of different positions of the telescope will 
not be visible in such small quantities as are the objects of our _ inquiry. 
Therefore the arches only have been compared, when the position of the tele- 
scope was the same in both summer and winter. 

The results of three years are, 





Summer 
Intercepted Arch 

between 
a Lyrae & Polaris. 


Winter 
Intercepted Arch. 


Diff. 


1813. Position Tel. 0°. 6 Micr. 

1814. Position Tel. 0. 2 Micr. 

1815. Position Tel. 10. 2 Micr. 


o / // 

49 42 10.49 
49 42 12.10 
49 42 13.61 


0 1 II 

49 42 12.48 
49 42 13.92 
49 42 15.70 


a 

1.99 
1.82 
2.09 



These intercepted arches are reduced to Jan. 1. 1815. 

Instead of using the intercepted arches, we may proceed another way which 
must necessarily lead us to the same conclusions, but which will enable us to 
examine more satisfactorily the results given by the instrument during a con- 
siderable period. 

If to the observations of the pole-star, reduced by the common equations, we 
apply the polar distance of the pole-star as given in the standard catalogue, 
we obtain the corrections for index error. Applying these to the observations 
of « Lyrae, each being reduced to a given time (1 Jan. 1815), we shall have a 
numerous series of observations of « Lyrae for our consideration. Then com- 
paring the summer observations with those in the winter, we deduce the enec 
of parallax. It is obvious this conclusion will not be affected by any error in 
the standard catalogue. The only cause of applying the standard catalogue 
is to be able to refer each observation of « Lyrae to a single point m the man- 
ner we refer by our circle a star to the zenith point. 
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In this manner, with the Greenwich circle and by Bradley's refractions, 
a Lyrae 

1813 f 46 summer observations 1 . 

6 micr. X 22 winter ditto J S lve ^ =1 41 ■ 

1814 f 32 summer observations ") . ^ 

2 micr. 133 winter ditto / g»vep=l .18. 
ioir f 42 summer observations ") . ... . _ 

1815 l 46 winter ditto j g'vep=l .46. 

When the reductions are made by my own Table of refractions (the same 
in quantity as the French), the results become 

For 1813 p=l".12 
1814^=1 .01 
1815 p=l .16 

Mean j»=l .10 by the Greenwich circle. 

The result of all my observations by the Dublin circle, as given in my paper 
on solar nutation, is p = I'M 2. 

The manner in which these results have been deduced from the Greenwich 
observations will be easily understood from the annexed series of places of the 
pole-star and a Lyrae. 

But it may be proper to make some remarks on the computations for each 
year. 

In 1813 the observations of Polaris in May and June have been used for the 
index correction to be applied to the observations of a Lyrae in July and Au- 
gust. This was necessary, as no observations of Polaris when above the pole 
were made in July and August ; and it is evident, from an examination of the 
index errors as given by Mr. Pond for 1813, that no material change occurred 
till November in that year. 

The index corrections by Polaris above pole are, 

19obs.in June -1".53 

13 obs. in October —1 .31 

13 obs. in November — 1 .78 

The mean is — 1".53, precisely the same as in June. 

It is to be noticed that in this year the mean of the summer and winter ob- 
servations (with 6 microscopes) give the mean Z. dist. 1815 = 51°22'54".16, 
differing but little from the standard catalogue (6 microscopes), 51°22'54".57, 

2x2 
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the result of 170 observations ; which shows that this use of the pole-star only 
for the index correction gives an exact result. 

In 1814, it appears that no change in the index correction took place after 
April 17, till the end of the year. Mr. Pond himself considers the correction 
to have remained permanent during that time, and the observations of Polaris 
tend to prove this. Indeed the index correction by that star is — W.83 from 
the observations in April, May and June, which is somewhat greater than 
— 3".96, the correction given by the observations in November, December and 
January. But the former being more in favour of the parallax of a Lyrae, 1 
have preferred deducing the index correction from a mean of the observations 
of Polaris between April 1814 and February 1815. This mean is — 14^31. 

In 1815 no change in the index correction appears to have taken place be- 
tween May 34 and the end of the year. The observations of Polaris also in 
this year show a remarkable steadiness. By it, the correction in May and June 
appears to have been + 6".04, and in November and December + 6".46. In 
January it appears to have increased. As + 6" .04 is more in favour of the 
parallax of a Lyrae than + 6".46, I have assumed the mean of these quantities 
for the index correction in July and August. 

The near agreement of the quantities of parallax deduced in each of these 
years by the mural circle, and of that deduced by the Dublin circle, is very 
remarkable. 

If there were no other stars to refer to than a Lyra and the pole-star, the 
results from the observations that have been considered would seem sufficient 
to place beyond all doubt the conclusions relative to the parallax of a Lyrae. 
But if we consider the observations, sufficiently numerous, of y Draconis, we 
shall also find that we must admit a parallax in this star nearly equal to that of 
a Lyrae*, which in itself is highly improbable, and is in direct opposition to 
the observations of the Dublin circle. Here then is the great point of difficulty. 



Index errors, using the standard catalogue. 





Summer 
1814. 


Winter 
1814—15. 


Summer 
1815. 


Winter 
1815—16. 


Polaris 
y Draconis 
a Lyrae 


// 

-14.83 

— 15.08 

— 14.53 


// 

-13.96 
-16.23 
-16.36 


a 

+ 6.04 
+4.18 
+4.60 


// 

+6.84 
+2.83 
+ 3.01 
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The result from the pole-star and a Lyras is in direct opposition to the result 
from y Draconis and a Lyrae. The places of the pole-star on the instrument 
in summer and winter, when contrasted with those of y Draconis and a Lyrae, 
is a new source of difficulty, and is not easily explained whether we admit or 
deny the existence of parallax. But the argument deduced from the apparent 
constancy of the arch between y Draconis and a Lyrae is much weakened. Had 
the places of the three stars remained the same or been changed by nearly the 
same quantities and in the same direction, the argument would have been a 
powerful one. 

A close examination of the Tables of index errors, as given by Mr. Pond, 
will point out some notable discordances in the arches between stars much 
nearer together than a Lyrae and y Draconis. Thus in September 1816, 
when the observations were conceived to be more exact than at other times, the 
arch of polar distance, less than 2° between y Draconis and n Ursae Majoris, dif- 
fered from the same arch in November by 2".l. 

Notwithstanding the great number of observations that have been made 
by the Greenwich instrument, a reference to the published Tables of index 
errors will show that, besides Polaris and y Draconis, there are no other stars 
to be found properly circumstanced for making a satisfactory comparison with 
as Lyrae in the manner that has been done with Polaris. But it may be 
remarked, that an examination of the Tables of index errors for several years, 
published with the observations for 1816, will by no means be unfavourable to 
the conclusions that have been deduced from the observations of Polaris and 
« Lyrae. 

In the three years which have been considered, the mural circle may be sup- 
posed to have been in a more perfect state than it was afterwards. Besides 
the three above mentioned, there were only two years that could have been 
used in this comparison from the want of corresponding observations, viz. 
1812 and 1817. In 1812 the position of the telescope was so often changed, 
that it has not been thought right to use the observations for parallax, although 
in feet they gave it greater than in the subsequent years. As affording, how- 
ever, an addition to the series of results of the polar distance of a Lyrae at the 
two seasons, the deductions are annexed. 

In 1817 there is no information given in the observations, as in former years, 
of the changes in the index correction. When a change of some seconds took 
place in November of that year, it is not noted; and there may have been other 
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changes more minute not noticed. If, however, the index error remained the 
Le^hrough June, July and August, the results of this year would be against 



In instituting the above examination of the observations of ^ 
mv only object has been to endeavour to throw light on a very difficultsubject. 
There cannot be a doubt that Mr. Pond's method of deducing the, ndex cor- 
rection is most proper for observations in general, such as the polar distances of 
the sun, moon and planets, &c. But when used for paraUax, there appear too 
many sources of error mixed up together, to ascertain then- precise effect on 
the mean index correction. ' 

The only method of examining the capability of the instrument for this pur- 
pose seems to be, that of comparing the differences of the polar d.stances , of «o 
stars in the opposite seasons, in the manner that I have done for the pole^r 
and « Lyre. There are however many obstacles that will circumscribe both 
the choice of stars and number of observations. 

In the volume containing the observations for 1816, Mr. Pond has given a 
correction for the results of several years when two microscopes only were 
used. Now it appears that this correction is merely empirical, and in adopting 
it the non-existence of parallax seems to have been assumed. 

It is difficult to say how this correction may be affected by parallax. ne 
very circumstance of the correction being necessary appears to increase the 
difficulty of deducing exact conclusions relative to parallax from the Greenwich 
circle, unless by the simple method of comparing two stars. 

This becomes more evident if we consider the discordances between the 
north polar distances of « Lyra deduced by help of Polaris in 1814 and 181S, 
and that in the standard catalogue. 

January 1, 1815. 

By the observations of 1814 (2 micr. tel. 0) 51° 22' 55".71 
By the observations of 1815 (2 micr. tel. 10) 51 22 57 .35 
Standard Catalogue 51 22 54.57 

The comparison of single observations is still more remarkable. 

The single results for a Lyra, July 17, 1812, and December 10, 1815, differ 
by 10", and several others differ by above 8 seconds. It appears necessary for 
conciliating these observations, to use all possible allowance by adopting pa- 
rallax, as well as change of figure, inequalities of division, &c. 
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It would not be right to conclude these remarks without noticing one cir- 
cumstance that shows in a striking manner the skill with which this instrument 
has been constructed and supported. There appears nothing by which we can 
state with certainty that the index error of this instrument changed from April 
16, 1814, to the end of the year, and also from May 24, 1815, to the end of the 
year. This permanency of the mural circle in summer and winter surpasses 
considerably that of the fixed telescope used for a Cygni. In that instrument 
a change, as has been remarked elsewhere, took place, amounting to several 
seconds between January and June. 
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a LYRiE. 
Telescope 0°. Six Microscopes. 



1813. 



Ind 

cor, 



An 1 



June22 
23 
24 

25 
26 
27 

28 
July 5 
6 



10 
11 

12 
13 
16 

17 
18 
19 

23 
24 
25 

27 
28 
29 



" 1 -53 
var.— 6.00 



-7.53 



Mn. N.P.D. 
Jan. 1, 1815, 



51 22 52.11 
53.96 
53.34 

53.25 
53.60 
53.81 

53.01 
53.20 
54.14 

53.77 
53.63 
52.73 

53.58 
52.64 
53.40 

54.33 
54.27 
53.72 

51.75 
52.41 
52.14 

53.19 
52.54 
52.27 



Coeff. 
of p. 



+0.88 July 30 
88 Aug. 



88 

88 
88 
88 

88 
87 
87 

86 
86 
86 

85 
85 
84 

83 
83 
82 

80 
79 
79 

77 
77 



1813. 



1 
3 

5 
7 
9 

10 
11 
12 

13 
15 
16 

17 
19 
20 

21 
22 
23 

24 
26 
30 

31 



Corr.-7.53 



Mn. N.P.D. 
Jan. 1,1815. 



51 22 51.87 
52.00 
52.65 

53.71 
53.97 
53.13 

53.12 
53.09 
52.80 

53.31 
53.16 
52.98 

53.19 
53.90 
53.51 

52.67 
53.28 
53.51 

53.72 
52.93 
53.37 

54.18 



Coeff. 
of p. 



1813, 
1814. 



+ 0.76 
74 
73 



Nov. 1 
3 
4 

6 
8 
11 

18 
20 
27 

30 



71 
69 
66 

65 
64 
63 

62 

60|Dec. 1 5 lnd 
cor 
, An 1 var 



76 



46 observ. mean 51° 22' 53".19-r-0".72p. 



From the above 53".19+.72p=55".14-66p. ap=V .41 
The mean Thermometer 

t a, Lyrae 59° 
Summer J p 0 i ar | s 55 I Hence is deduced by French 

infinitives j>=l".12 



Winter | 



a Lyrae 35 
Polaris 37| 



Mn. N.P.D. 
Jan. 1, 1815. 



59 

58 
55 
54 

53 

52| Jan. 
51 

50 
47 
43 

42 Feb 



Ind. 

cor, 

An 1 var, 



1.78 
6.00 



-7.78 



21 

23 

26 
30 

31 
11 
12 

29 
30 
31 

. 2 
3 



2.80 
6.00 
8.80 



Ind. 
cor 
An 1 var 



}- 



3.22 
6.00 



14 
17 
19 

20 
22 
24 

25 
26 



GoeS. 
of p. 



32 observ. mean 51° 



51 22 54.30 


-0.48 


54.49 


50 


54.22 


51 


53.53 


54 


54.51 


56 


54.72 


60 


56.07 


67 


54.55 


70 


55.12 


711 


55.71 


78 


55.85 


86 


54.56 


88 


54.44 


88 


55.77 


88 


55.51 


88 


56.32 


88 


54.88 


85 


55.81 


84 


55.68 


74 


55.36 


73 


54.65 


72 


54.92 


70 


54.59 


69 


54.71 


66 


54.51 


57 


5605 


53 


56.48 


51 


55.89 


50 


55.16 


47 


55.36 


44 


55.68 


43 


55.38 


41 






0 22' 55".14-C 





The under corrections are deduced from the polar distance of a Polaris, as given in the stan- 
dard catalogue published with the observations of 1815, the observed places reduced to tne 
being taken from the same volume. xe &ac 

The mean zenith distances of a Lyrae here given are deduced from those observed. 
tions of which to the mean are given in the volume of observations for 1814. To which, ins 
the correction there applied, the correction deduced from Polaris is applied. 
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Index Corrections deduced from Observations of POLARIS above Pole. — Two Microscopes. 



Summer 
1814. 



Obs. N.P.D. 

reduced to 
Jan. 1, 1814. 



Winter 
1814-15, 



Obs. N.P.D. 

reduced to 
Jan. 1, 1814. 



Summer 
1815. 



Obs. N.P.D. 

reduced to 
Jan. 1, 1815. 



Winter 
1815-16. 



Obs. N.P.D. 

reduced to 
Jan. 1, 1815. 



April 16 
20 
29 

30 
May 2 
, 6 

10 
15 
16 

17 
18 
19 

20 
26 
28 

29 
June 8 
10 

15 
16 
19 



1 41 



17.51 
17.41 
18.33 

17.89 
17.46 
17.32 

16.72 
16.59 
17.11 

15.85 
16.78 
16.55 

16.93 
15.43 
17.06 

16.80 
16.75 
15.86 

17.68 
16.98 
17.61 



Mean of j o / " 
21observ.J 1 41 16 -» 8 
Stand, cat. 141 2.15 



Index corr. — 14.83 



Nov. 6 
7 
8 

10 
12 
14 

16 
19 
21 

22 
29 
30 

Dec. 1 
3 
4 

9 

. 15 
16 

20 
21 
22 

1815. 31 
Jan. 1 
8 

12 
17 
18 

19 
28 

Feb. 2 
5 



1 41 16.00 
15.21 
14.72 

16.15 
15.96 
16.39 

17.05 
16.66 
16.81 

16.96 
15.51 
15.88 

14.71 
14.15 
14.88 

16.87 
15.95 
17.32 

18.94 
18.21 
16.91 

16.15 
15.12 
16.75 

16.39 
14.42 
16.26 

17.36 
15.34 
16.21 
14.39 



May 24 
26 
27 

29 
30 

June 7 

8 
9 
15 

18 
19 

29 



1 40 37.58 
37.81 
36.21 

35.37 
38.35 
35.87 

39.94 
35.76 
35.08 

35.43 
36.16 
36.41 



Mean of 1 ° ' n 
^observ.J 1 40 36.66 
Stand, cat. 1 40 42.70 



Dec. 7 
8 
10 

11 
12 
13 

17 

20 
22 

24 
25 
27 
30 



1 40 36.13 
36.36 
36.53 

36.30 
36.68 
35.87 

36.31 
36.45 
35.30 

35.78 
34.06 
37.83 
36.53 



Index corr. 



+ 6.04 



Mean of 1 
Slobserv./ 1 40 36.24 
Stand, cat. 1 40 42.70 



Index corr. 



+ 6.46 



Winter 
1815-16, 



Mean of 
31 observ. 
Stand, cat. 



►1 41 16.11 
1 41 2.15 



Index corr. — 13.96 



Nov. 2 
3 
6 

7 
9 
14 

15 
16 
17 

18 
22 
23 

25 
26 
27 

29 

Dec. 3 
4 



1816. 



1 40 36.95 
37.19 
34.57 

36.76 
36.15 
34.48 

36.40 
36.73 
37.59 

35.14 
36.30 
36.10 

35.37 
36.30 
36.27 

36.84 
36.16 
38.02 



Jan. 2 
3 
4 

11 
13 
17 

20 
26 

Feb. 1 

4 
8 
9 

12 
13 
14 

21 
24 



1 40 35.13 
35.53 
35.02 

35.98 
35.64 
34.57 

34.27 
33.78 
34.79 

36.54 
37.07 
35.22 

35.65 
32.80 
34.26 

35.97 

35.82 



Mean of . _ „„ 
17observ r U 40 35.18 



Stand, cat. 1 40 42.70 



Index corr. + 7.52 



Supposing the correction for index error to have re- 
mained constant from April 1814 to the February follow- 
ing, which is evidently unfavourable for parallax, the 
index correction during that time will be = — 14 7 .S1, 
which is applied to the observations of a Lyra?, and the 
results are as in the following page. Mr. Pond supposes 
no alteration to have taken place between April and the 
end of the year, and the index corr. by Polaris between 
January 1 and February 5, -= — 1S".65. 



There does not appear to have been any change of coo- 
sequence between May 1815 and the end of the year, 
from a comparison of the index errors of the first 12 ob- 
servations and of 31 at the end of the year. Therefore 
supposing the index corr. in July and August to be that 
resulting from a correct mean between those, it will be 
= +6".34. 

The correct mean from the observations between Nov. 2 
and Feb. 24 = + 6". 84. 

The preceding observations of Polaris aod the following 
of * Lyra are calculated from the observations themselves 
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a LYRjE. 
Telescope 0°.— Two Microscopes. 



I Summer 
1814. 



June 30 
July 1 
2 

5 
6 

10 

11 
12 
15 

16 
17 
18 

21 

22 
23 

24 
25 
26 

27 
29 
30 

31 

I Aug. 1 



Ind, 

cor, 

An l var 



}- 



14.31 
3.00 



1 

12 
14 



-17.31 



Mn. 
Jan, 



N.P.D. 
1, 1815. 



Coeff. 
of p. 



Winter. 
1814-15. 



51 22 55.99 
54.87 
51.66 I 



+ 0.88 
88 
88 I 



Nov. 



54.17 
54.69 
52.73 

55.08 
56.19 
54.83 

54.35 
54.45 
54.56 

55.41 
52.23 I 
55.04 

55.50 
55.35 I 
55.31 

56.65 I 

57.12 

55.58 

54.75 
55.11 
54.70 

54.01 
54.88 1 
54.82 

54.06 
54.50 
54.25 

55.23 
55.44 



87 
87 
86 

861 
85 
84 I 

84 1 Dec. 
83 
83 

81 I 
80 
80 



6 
8 

10 

12 
13 
16 

19 
22 
28 

1 
4 

6 

20 
21 
22 



:}- 



Ind. 

cor, 
An 1 var, 



79 1815. 30 
79 I Jan. 2 
781 6 



77 
76 
76 

751 
74 1 
74 

72 
71 I 
70 

681 
66 I 
641 



14.31 
3.00 



63 I Feb. 
61 



7 
8 
9 

10 
11 
12 

17 
18 
23 

27 
28 
29 

3 
4 



— 17.31 



Mn. N.P.D. 
Jan. 1,1815. 



51 22 57.49 
55.31 
56.50 

55.09 
55.96 
55.77 

55.68 
56.18 
56.11 

56.76 
56.55 
56.22 

'57.52 
56.66 
56.50 



Coeff. 
of p. 



0.54 1 
56 1 
58 1 

.61 
62 
65 

68 
72 
77 

79 
811 

82 

87 



57.68 


88 1 


57.53 


88 


56.18 


87 


56.45 


• 86 


57.88 


86 


57.14 


• 86 


55.89 


85 ' 


57.28 


85 


57.12 


84 


56.78 


82 


56.96 


81 


56.30 


78 


57.05 


75 


55.58 


74 


56.78 


74 


56.65 


) 69 


57.4* 


j 67 


57.2* 


j 63 



Mean of 32 observ. 51° 22' 54".80+0".78 p. 



Mean of 33 observ. 51°22'56».62 -0".76p. 



The equation is 

54".80+ ,78p= 56".62-.76p. 
orj> = l".18. 

Mean Thermometer 



Summer | a polari { 



61 

Polaris 53 

. $ a Lyrae 39 
W,nter l Polaris 40 



Hence is deduced, using French refractions, 
54".80+ .75 + .78p=56".62+. 48—76 J>. 
or p=l".01. 
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oc L YR JE. 

Telescope 10°. — Two Microscopes. 



Summer 




Ma. N.P.D. 


Coeff. 


Winter. 




Mn. N.P.D. 


Coeff. 


1815. 




Jan. l, loio. 


of p» 


t Qi e 1 ft 




Ton 1 1ft15 


of p. 






o / // 






T J > it 






July 2 
3 


cor. J + 6 ' 3 


51 22 54.59 
53.58 


+0JB8 
88 


Nov. 3 
4 


cor.1 + 8 " 84 


51 22 58!71 
58.50 


— 0^50 
51 


4 




56.13 


87 


5 




56.81 


52 


5 




56.14 


87 


13 




56.96 


62 


7 




54.43 


87 


14 




57.81 


63 


9 




56.80 


86 


18 




58.03 


67 


11 




54.99 


86 


20 




57.82 


69 


12 




56.87 


85 


23 




58.57 


73 


13 




56.92 


85 


26 




58.55 


75 


16 




58.95 


84 


27 




58.04 


76 


18 




55.90 


83 


28 




58.96 


77 


20 




53.62 


81 


Dec. 4 




59.10 


81 


21 




55.29 


81 


8 




59.34 


83 


23 




56.32 


80 


9 




59.30 


83 


25 




54.07 


79 


10 




60.85 


Q 4 


26 




55.83 


78 


12 




59.34 


85 


27 




56.16 


77 


13 




59.26 


85 


28 




55.78 


77 


14 




59.37 


86 


29 




56.35 


76 


18 




59.01 


87 


.30 




57.27 


76 


22 




59.03 


88 


31 




56.67 


75 


23 




do. 40 


as 
oo 


August 1 




56.39 


74 


24 




58.85 


88 


2 




55.91 


74 


25 




58.91 


88 


3 
4 




56.85 
57.53 


73 
72 


1816. 29 
Jan. 1 


Ind i +6^84 


58.99 
59.40 


88 
88 


6 




57.10 


70 


2 


cor. } 


58.04 


88 


7 




57.87 


69 


3 


An var. + 3.uu 


57.88 


87 


8 




57.34 


67 


6 


+ 9.84 


58.71 


86 


9 




56.33 


66 


9 


57.32 


85 


11 




56.27 


65 


10 




58.95 


OO 


14 




56.79 


61 


15 




57.20 


83 


16 




57.83 


59 


17 




57.51 


81 


17 




58.12 


57 


29 




57.76 


74 


19 




57.16 


55 


30 




57.16 


73 


21 




56.92 


53 


31 




57.78 


72 


22 




56.10 


52 


Feb. 7 




58.80 


64 


24 




55.27 


50 


Q 

O 




54.90 


63 


25 




57.10 


49 


o 




57.89 


62 


26 




56.81 


48 


11 




57.76 


60 


27 




56.41 


47 


13 




59.17 


58 


29 




56.57' 


44 


16 




58.29 


54 
50 


31 




55.83 


41 


20 




59.09 










23 

25 
27 




56.13 


46 










Mean of 42 observ. 51° 22' 56".31+0".71 p. 




59.31 


43 










59.76 


41 








28 




59.26 


39 








Mean of 46 observ. 51° 


22' 58".40— 0".72 p. 



The equation is 

56''.31 + 



Mean Thermometer 



71p = 58".40— .72 p. 
orp=l".46 



60° 
58 
36 
37 



Hence is deduced, using French refractions, 
56".31 + .84+.71 p=58".40+.41-.72i>. 
orp= 1".16 

2x2 



340 



Professor Brinkley on the Parallax of a Lyre. 



a L YRjE. 



I Summer. 
1812. 



J July 6 

\Tekscope7 
10 



14 
17 

1(20°) 21 
22 
23 



26 
28 
(0°)30 
31 

I Aug. 1 



6 

12 
13 

(0°) 15 
16 
17 
18 
19 
20 
21 



By pole-star. 

**-\ -l'.19 
cor. J 

An 1 var. —6.00 
— 7.19 



Mo. N.P D. 
Jan. 1,1815. 



lad 

cor, 

An 1 var. —6.00 



7 " 

'I -7.26 



Coeff. 
of p. 



Winter. 
1812. 



51 22 54.76 
54.95 
55.71 
55.60 



51.98 
50.54 
50.64 
52.17 
52.72 



-13.26 



98 



Ind 

cor. 

An 1 var. -6.00 



+ 8.98 



r.66 



cor. S 
An 1 var. — 6.00 



+ 8.66 



53.32 
54.75 
55.45 
54.75 
54.98 



+0.87 
87 
86 
86 



85 
83 
81 
80 
80 



Nov. 2 
3 

Telescope 7 
(10°) 8 
13 
15 



19 

(20°) 20 
21 
22 
Dec. 2 



78 
77 
76 
75 
74 



52.92 


70 


53.15 


63 


53.36 


62 


51.44 


60 


52.72 


59 


51.82 


58 


51.70 


57 


52.17 


55 


52.75 


54 


53.42 


53 



Mtu N.P.D. 
Jan.l, 1815. 



X -1.21 



Ind. 

cor, 

An 1 var. —6.00 



7.21 



-7.26 



Ind. > _ 
cor. J 
An 1 var. —6.00 



+ 1.26 



51 22 56.05 
56.80 
55.31 
55.34 
56.95 
55.90 



55.35 
55.91 
54.70 
55.29 
55.77 
55.16 
55.78 
55.61 
55.51 
54.54 
55.05 



Coeff. 
of p. 



-0.49 

50 
55 
56 
62 
64 



70 
71 

n 

80 
82 
83 
83 
84 
85 
85 



Mean of 17 observ. 51' 22' 55".59~0".71 p. 



Mean o f 24 observ. 5 1° 22' 53". 24+0".72 p. 

The equation is 

53".24+0.72p=55".59-0.71 p 
orp=l".64 



The above are collected from N 
The index errors there given are applied 
with the index error by the pole-star 
is obtained. 



.P.D. published in the volume containing the ^^^j^ 
plied with a contrary sign and also two years ; annmd var ado , 
it. By this process the column containing the JN • r . v> 
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XXXI. On the Differences of Declination of certain Stars, according to 
different Astronomers ; and on Refraction, #c. Extracted from a Letter 
of M. J. J. Littrow, Director of the Imperial Observatory ai Vienna, to 
the Foreign Secretary. — Dated Vienna, January 3, 1823- 

Readlith April, 1823. 



I WISH to give you a few words relative to the declinations of Mr. Pond 
you were so good as to send me ; but first I send you here a statement of the 
declinations as observed and calculated by Bessel with great care. The cor 
lumn A* is from his recent observations with the three-foot meridian circle of 
Reichenbach ; B from his old observations with Cary's small circle ; C is the 
annual variation in declination arising from precession, and proper motion; the 
following columns exhibit the differences between the result A, and those of other 
astronomers and instruments, viz. D the difference of A and B both reduced to 
the same epoch ; the others E, F, G, speak for themselves; H is the well-known 
standard catalogue of Mr. Pond, and I is from the Nautical Almanac of 1821. 

Among these determinations, and those you sent me in your last letter, we 
may observe many stars which nearly agree in their differences ; but discordan- 
cies are not wanting. The result of both is, that Bessel' s declinations collec- 
tively are more southern than those of Pond, Piazzi, Oriani, and Brinkley. 
This is the chief point on which elucidation is wanted : but to obtain it ap- 
pears very difficult. I cannot approve, however, of calling the differences be- 
tween Bessel's and the other results, without further observation, " error of 
Bessel's catalogue," as is done in the catalogue you communicated to mef. 
They differ, it is true ; but which is right is yet undecided. 

In a former letter I have told you the grounds of my belief that Bessel has 
gone to work with all possible care, and that he is, both in a theoretical and 
practical point of view, one of the first astronomers of our time. But this is 

* See the Table at pages 347 and 348. 

t [This catalogue was communicated by the Astronomer Royal to Mr. Littrow through the 
foreign secretary, and transmitted by him without comment or addition. 
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no proof of the correctness of his declinations. Let us then wait a little longer 

f °After d X Tsee no reason why each party should be at present so very stre- 
nuous in defending his own results. Let us keep on observing 
ble circumspection ; do all we can, and leave the decision to tune, winch must 
come at last if we will only accumulate data sufficient. Mr. Pond seems to me 
somewhat needlessly anxious for the reputation of his observations a Green- 
wich. After all, has he not all along had great advantages over all others 
Is not his instrument, made by the first living artist, one of the best on earth ? 
Do not his observations agree as well as possible with themselves ? Do they 
not agree too with those of Oriani, Piazzi, and Brineley ? If we were alias 
strongly disinclined as we are inclined to him, what could justify us m impu- 
ting errors to him or his colleagues ? Nor can the « angrns » herba be 
sought in the circumstance of the one instrument being Reichenbach s and 
the other Troughton's ; for Bessel's first circle was of English make, and 
Oriani's was by Reichenbach. Mr. Pond is therefore in very good company 
with Brinklev,Oriani, and Piazzi ; and, from all we know, these astronomers 
have convinced themselves by every means in their power of the exactness ot 
their declinations. Here then we have authority against authority, and, to De 
candid, the greatest weight of it is on Mr. Pond's side. But authority is no 
proof; and, as aforesaid, instead of insisting, we ought to wait. 

Meanwhile one remark presses itself on our attention, which I will mention 
for your consideration. Most astronomers seem to me to rely too much on 
their instruments, as free from errors. In my opinion each instrument, as an 
individuum, has its own peculiarities, its marks and blemishes, and we should 
before all things get acquainted with those before we confide wholly in it, just 
with the caution with which we deal with those living instruments of our own 
species— with mankind. To use even chef-d'ceuvres of the greatest artists 
just as they come from their maker's hands, with no other care than keeping 
all in adjustment, often reversing, &c. &c, seems to me not enough where (as 
in this case) the question is about the utmost accuracy. 

Whether other astronomers do this, or what they do, or what leave undone, 
I know not. But this I know, that Bessel does it. Only look, for example, 
into the introduction to his first, sixth, and seventh volume of the Kiinigsberg 
Observations. I know of no such investigations entered into by other astro- 
nomers. I do not say that others do nothing similar— perhaps much better ; 
I only say that nothing of the kind has come to my knowledge, and therefore 
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I confess it appears to me Bessel is right when he says that the disagreement 
" will never cease till every observer shall succeed in eliminating out of his 
results the individuality of his instrument (sit venia verbo )f* 

The English instruments appear to me far preferable in their construction 
to our repeating circles. In the former the two ends of the axis are solid ; in 
the latter they are not fastened at all. In the former the circle and telescope 
are supported firmly in the middle ; in the latter all hangs on one side, which 
can never be good. In the former there is but one axis on its solid bed ; in 
the latter are three which move one within another, &c. On the other hand, 
I believe our division to be much better than yours, nor do I doubt that the 
English circles would give much better results were they so divided. Could I 
only show you our great dividing engine made by Rejchenbach in Vienna, 
the mere aspect of it would convince you. It is (partially at least) drawn and 
described in ce Gilbert's Annalen der Physik" 1821, on occasion of a dispute 

between Reichenbach and Liebhen, Look too, at the account of the 

apparatus of four microscopes which Bessel has given in the introduction to 
his Observations, and which he had made for examining the divisions of his cir- 
cle. In the circle of Gary he found notable errors. In the 3-feet meridian 
circle of Reichenbach, according to his researches, the probable error of each 
division is only 0".325. This is saying a great deal. 

I know not whether your English artists bestow so much care as ours on the 
ends of the steel axes or pivots (zapfen) : with us they are not cylinders but 
cones, and the part between the cones is quite free. But the essential thing 
is the lever of contact (fuhlhebel) : when the pivot is finished, it is brought on 
its own support, and the extremity of the short arm of a lever brought in con- 
tact with it by a peculiar adjustment, and the axis then turned round, when 
every minute deviation from the circular form is indicated on a divided arc by 
the extremity of the other arm of the lever, which is twenty times longer, and 
read off by a lens, being magnified 130 times. Reichenbach states that he dates 
the perfection of his instruments from the invention of the lever of contact 
* * * * * * * * * * 

I must take this opportunity to observe that I have read with particular 
pleasure the demonstration given by your excellent analyst Ivory, in the Phi- 
losophical Magazine for 1821, of the elegant formula of Mayer, which has 
often been sought among us, though Bessel had already known and acknow- 
ledged that Mayer's correction of the refraction for the thermometer is the true 
one, though differing from that assumed by all other astronomers. But, with- 
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* w ..neakine of this thermometrical correction, the/*m itself of Mayer's 

zenith distance, Mayer's formula is 

AR. sin g J 

r = COS 2+ A*+ COS *Z 



A 

or tan x = — ^ n 

r = R. sin 2. tan — 



Where R is the mean refraction, and A a constant(this magnitude A, according 
to Ma yer is not entirely constant bnt depends on the thermometer, as .s also 
IneXacknowledged). If we abstract at present from the correct™ of 
fe^frdtak' A strictly constant, we are enabled to representor 
beXTraction tables(those of Laplace, Bessel, &c.) only from *=0to *=80-, 
S££ S limits the well-known formula of Braoley, S^o« and many 
oTe« Tuffice, so that Mayer's has no advantage. If, however we allow A to be 
Lsomes^tdegreedependentonthezenith distances, the comadence may be 
IT much further. It is thus that I have tried to represent Lapse s tables, 
Tglen by Carlini in the Milan Ephemeris.-Here is what I have found. 

Put R = 1845".7, the horizontal refraction according to Caruni, and 
A = 0.06365 — 0.00003. tan a, then we find 

Difference. 
.... O".0 
.... -0 .1 

.... - 0 .3 

.... -0.5 

- 0 .6 

.... - 0 .5 



z 


r by formula I. 


r by Ca.ki.im. 
31.1 . 






48.6 . 






100.0 . 






157.9 






317.9 






, 351.3 






393.0 






443.6 






506.7 






590.3 






703.6 




858.6 . . . 


858.8 



_ 0 .4 
-0 .1 
+ 0 .3 
+ 0 .4 
-0.2 



All being calculated for the barometer 38 Paris inches, and the thermometer 
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of Reaumur + 10°. — See the ephemeris of Milan, 1817, page 100. — The 
formula of Laplace from which this table is constructed, is 

r = 28coss a = 0.7175935 

r = 1624 sin z \ (2 -a — 2ar*)%/, + ar \ 

where + = ^ { 1 - ± + ^ - J£5 + & c . } 
or, when a 7 82° 

for 5? under 82° we obtain from the foregoing formulae immediately this series, 

~ KQ"4 Tl l+«.3(l+2a) 3.5 3*5.7 

r=58 tans^l _ — +— - — fl (I +3a) + -^-^(1+ 4a)- &c.j. 

It is, perhaps, not uninteresting to see that one may represent all these compli- 
cated expressions by the simple little formula 

A R. sin z 
~~~ cos z 4- A* +cos «« 
as far as z = 87°. I have not leisure at present, being desirous to dispatch 
this letter, to examine whether the approximation cannot be carried on nearer 
the horizon by taking A = a — ft. tan z + c. tan z 3 — d. tan z 5 +, &c; but I 
have no doubt it may. A few days ago I made with this view an examination 
of Bessel's refractions as given by him in the Fundamenta Astronomue. His 
formulae are frightfully complicated and wearisome, as you may easily con- 
vince yourself; yet the whole of his table as far as z = 86° 3(Y is represented 
very well by the following formula ; 

f tan X — Q * Q5355Q6 — 0*000^34 tan z 
J cos a 9 

I r = { 2173.7939 - 0.03. tan s* \ . sin a. tan -J 
Thus we find 



z 


Bessel. 


Formula. 


Difference. 


Z 


Bessel. 


Formula. 


Difference 


10» 


10.1 


10.2 


-0".l 


75° 


211.4 


211.5 


-0".l 


20 


20.9 


21.1 


-0 .2 


80 


315.1 


3149 


+0 .2 


30 


33.2 


33.5 


-0 .3 


81 


348.1 


347.8 


+0 .3 


40 


48.3 


48.6 


-0 .3 


82 


3884 


387.9 


+0 .5 


45 


57.5 


57.7 


-0. 2 


83 


438.3 


*37.9 


+0 .4 


50 


68.5 


68.9 


-0 .4 


84 


501.7 


501.5 


+0 .2 


55 


82.0 


82.4 


-0 .4 


85 


584.6 


584.7 


-0 .1 


60 


99.3 


99.7 


-0 .4 


85§ 


636.6 


636.5 


+0 .1 


65 


122.8 


123.2 


-0 .4 


86 


696.9 


697.2 


-0 .3 


70 


156.7 


157.0 


-0 .3 


86* 


769.1 


769.0 


+0 .1 
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This coincidence seems to me too near not to call for a closer theoretical 
examination, for which however I have hitherto wanted time. 

I have already mentioned to you in a. former letter, Frauenhofer's circular 
micrometer, if I mistake not. . .It consists of a steel ring fastened in the eye- 
tube on a plane glass, and after being so fastened turned exactly round on both 
sides. This I believe is the only way to get perfect circles, (viz.) to turn them 
in situ, since they are sure to change their figure when detached from the 
piece which holds them on the lathe. 1 have now procured such a circle, and 
notwithstanding the extreme cold (—12° Reaumur) determined its diameter 
by the passage of two stars, whose declinations differ by nearly the whole dia- 
meter to be' measured, and for greater security have employed several pairs of 
stars, and between the observations often turned the eye piece round, to exa- 
mine all points of the periphery. Frauenhofer wrote me word that only the 
inner circle would be found exactly round, but I find both equally good. 
It is very pleasing to see such a ring hanging freely as it were in the heavens 
without perceiving how it is suspended, and moreover very advantageous, as 
we see the stars come which we would observe, I send you some of the re- 
sults of these observations, which I think agree very well. 

Inner Circle. Outer Circle. 

a and e Aquilae. a and y Cor. Bor. 

I. obs. £ diam. = 779".4 in arc. I. semidiam. 905".2 



II. 780 .2 H. 906 .1 

III. 778 .6 III. 907 .5 

IV. 779 .7 IV. 906 .4 

V. 779 .2 V. 907 .6 

VI. 780 .1 VI. 908 .0 

VII. 907 .7 

Maia and Me rope. 

I. 778 .5 

II. 779 .0 

III. 778 .8 
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A 


B 


C 


D 


E 




Declination. 


Declination. . 


Ann 1 Var. 


Bessel. 


Piazzi. 




1820. 


1815. 


1820. 


1815. 


1800. 


a, Auriga? 


+ 45 48 9.12 


+45 47 44.72 


+ 4.478 


-1.93 


-0.81 


a Cygni 


44 38 28.47 


44 37 26.21 


+ 12.563 


+0.53 


+ 2.14 


a Lyrae 


38 37 17.77 


38 37 4.10 


+ 2.962 


+ i.oi 


+ 1.69 


a Geminor. 


32 16 21.05 


32 16 54.66 


- 7.190 


-2.27 


- +1.20 


/3 


28 27 5.54 


28 27 44.14 


- 8.087 


— 1.77 


+0.50 


/3Tauri 


28 26 40.40 


28 26 20.09 


+ 3.712 


-1.68 


+0.42 


a Andromedae 


28 5 46.59 


28 4 3.28 


+ 19.906 


—3.78 


+ 0.52 


a Corona? 


27 19 34.44 


27 20 34.61 


-12.483 


-2.28 


+ 3.31 


a Arietis 


22 36 22.32 


22 34 56.11 


+ 17.350 


+0.57 


+ 1.67 


a Bootis 


20 7 25.43 


20 9 0.75 


— 19.009 


+0.25 


+2.26 


a Tauri 


16 8 17.16 


16 7 37.29 


+ 7.855 


-0.54 


+2.86 


($ Leonis 


15 34 40.04 


15 36 20.92 


-20.083 


+0.47 


+ 3.07 


a Hercolis 


14 36 10.45 


14 36 32.52 


— ,4.614 


— 1.05 


+4.20 


a Pegasi 


14 14 19.05 


14 12 41.94 


+ 19.258 


-0.83 


+ 2.98 




14 10 56.22 


14 9 13.02 


+ 20.028 


-3.06 


+0.97 


a Leonis 


12 50 33.58 


12 51 59.71 


-17.310 


-0.39 


+2.69 


a Ophiuchi 


12 41 55.66 


12 42 10.37 


— 3.125 


—0.97 


+ 4.04 


V Aauilae 


10 10 53.97 


10 10 12.28 


+ 8.286 


-0.31 


+2.40 




8 24 0.69 


8 23 14.89 


+ 9.002 


-0.84 


+ 3.78 


a Ononis 


7 21 50.69 


7 21 45.21 


+ 1.267 


+ 0.91 


+0.60 


a Serpentis 


6 59 54.84 


7 0 53.37 


-11.791 


-0.47 


+2.34 


/3 Aquilas 


5 57 50.84 


5 57 9.29 


+ 8.488 


+0.84 


+ 3.38 


a Canis min. 


5 40 40.32 


5 41 23.13 


- 8.797 


-0.82 


+ 4.28 


aCeti 


3 22 37.67 


3 21 23.46 


+ 14.491 


— 1.72 


+ 1.59 


j8 Virginis 


2 46 42.81 


2 48 23.20 


-20.289 


— 1.05 


+ 1.48 


a Aquarii 


— 1 11 25.48 


— 1 12 48.98 


+ 17.195 


+2.45 


+2.93 


tt Hydras 


7 53 1.68 


7 51 44.39 


-15.273 


+0.96 


+2.27 


/3 Ononis 


8 25 4.22 


8 25 27.36 


+ 4.661 


+0.22 


+ 1.86 


a Virginis 


10 13 7.69 


10 11 33.88 


-19.027 


-1.34 


+2.84 


1 . a Capricor. 


13 3 25.59 


13 4 20.91 


+ 10.581 


-2.47 


+ 4.89 


2. a — 


13 5 43.49 


13 6 40.64 


+ 10 609 


-4.16 


+4.65 


1. a Librae 


15 14 33.27 


15 13 14.64 


-15.405 


+ 1.57 


+2.54 


2. a 


15 17 15.05 


15 15 58.17 


-15.374 


-0.03 


+2.94 


a Canis maj. 


16 28 37.15 


16 28 14.68 


— 4.483 


+0.10 


+2.05 


a Scorpii 


26 1 23.00 


26 0 39.17 


- 8.649 


+0.52 


+ 3.05 


a Pise. anst. 


30 34 26.68 


30 36 2.81 


+ 18.836 


+0.03 


+ 3.80_ 



2z2 
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F 


G 


H 


I 




Oriani. 


Brinkley. 


Pond. 
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+0.68 


a Bootis 


+ 1.35 


+2.07 


+2.45 


+ 1.57 


a Tauri 


+2.79 


+ 1.96 


+2.54 


-0.16 


ft Leonis 


.... 


+2.95 


+2.09 


+ 1.96 


a Hercnlis 


+2.35 


+2.54 


+ 3.18 


+2.55 


a Pegasi 


+2.51 


+2.93 


+4.13 


+ 1.95 


7 


• • . • 


+2.80 


+2.98 


+ 3.78 


a Leonis 


+2.60 


+2.25 


+2.61 


+2.42 


a Ophiuchi 


+2.47 


+ 1.88 


+ 3.27 


+2.34 


y Aqaila 


• • • • 


+2.60 


+ 3.34 


+4.03 


a 


+2.51 
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XXXII. On the Theory of Astronomical Instruments. 
By Benjamin Gompertz, Esq. F.R.S. 
Part the First. 

ReadJanuary 11, 1822. 



Astronomy has been divided into two branches ; one called practical 
astronomy and the other denominated theoretical astronomy ; and under the 
latter head the theory of astronomical instruments should be contemplated : 
but the connection of the two with each other is so intimate, that a competent 
knowledge of the one cannot be acquired without an adequate acquaintance 
with the other. The instruments supply data to the theory ; but it is theory 
which invents the instruments ; theory which points out the cause of the de- 
fects ; theory which directs the practitioner to the requisite improvements. It 
is theory which teaches the proper use, and extends the originally intended 
application of the complete instrument: and theory, if I mistake not, will 
likewise offer the means of obtaining from well-invented, but what may be 
termed ill-constructed instruments, very accurate results. In this, however, 
it seems necessary that their construction should not be so ill as to allow of an 
improper laxity in the motions or warping of their parts : but theory will supply 
a remedy for bad division, improper direction of motion, (provided it be de- 
terminate,) defects of perpendicularities, and of parallelisms, and of innume- 
rable other defects. 

If accurate instruments were to be obtained with the same ease as those are 
acquired which are less perfect, it would be a vain use of the power of know- 
ledge to search through the intricate precepts of theory to attain an object 
which might be immediately furnished by an accurate instrument : but it is to 
be regretted, that the expense of good instruments is often far beyond the 
means of those who could use them to the best advantage for science ; and this 
feet renders the inquiry of the best use to be made of a bad instrument an 
interesting subject to the philosopher. 

Astronomical instruments may be formed either by direct construction or by 
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inverse construction. By direct construction, I mean a formation after the 
proper rules of practical mechanics as to the shape, situation, and motion of 
the different parts and divisions of the limb, &c. In this mode of construction, 
for the instrument to be good, the greatest accuracy and attention will be 
required in the workman. 

By inverse construction of an instrument, I mean a formation of an instru- 
ment sufficiently strong, whose intended motions are perfectly determinate, 
whose form may not be as accurately the required form as art can approach; 
but whose parts, which are not intended for motion, are perfectly stationary ; 
and whose limbs, which are to indicate the angles to be taken, are to have the 
value of the different portions pointed out from observed angles, which maybe 
taken with the instruments by the assistance of theory, indicating the defects 
of the construction, from observation and properly valuing the influence they 
may have. If, for instance, with the intention of forming and fixing a transit 
instrument, we form an instrument of which the axis of motion is not scrupu- 
lously fixed perpendicularly to the meridian, nor even parallel to the horizon, 
nor the line of collimation of the telescope scrupulously perpendicular to the 
axis of motion, nor the altitude limb perpendicular to the axis of motion, the 
value of the portions of the altitude-limb may be obtained by inverse construc- 
tion, and the theory of the instrument laid down such, that, with certain pro- 
visos, the instrument with all its defects may answer the purpose both of a well- 
constructed transit instrument and of a mural quadrant. Though the terms 
direct and inverse construction are expressions hitherto, I believe, never used, 
I venture to introduce them, as I believe that a proper distinction of our dif- 
ferent modes of operation will often lead to great acquirements. 

Astronomical instruments are generally formed chiefly by direct construc- 
tion ; but, for the more accurate adjustment of some of the parts, I believe the 
indirect construction is always used. The little leisure I can command has 
only at present permitted me to attempt to offer a partial theory of Hadley's 
sextant or of other instruments of analogous construction ; a subject which I 
prefer to commence with, in consequence of the peculiar elegance and exten* 
sive application of those instruments. And in considering the theory, I have 
not confined myself to those instruments in their most perfect form and adjust- 
ments ; but I have had in view to show that, with all probable defects, except 
weakness of parts, improper difficulty of motion, and certain other defects 
which it will be necessary to avoid, theory will direct the mode of obtaining 
from them very accurate results. 
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Though the intent of Hadley's sextant requires the plane of the horizon 
reflector, and the plane of the index reflector to be perpendicular to a certain 
plane, hi which the whole limb or graduated arc of the instrument is required 
to be situate ; and also requires the line of collimation of the telescope to be 
parallel to this plane ; and requires the limb to be divided into accurately equal 
ported zero to be at a particular point, and corresponding to which the situa- 
tions of the two reflectors are to become parallel to each other ; and also sti- 
pulates for the performance of various other difficulties : Theory and inverse 
construction will point out remedies for inaccuracies in all these requisites. 
In constructing the instrument, if, of the two reflectors to be used, one has its 
two surfaces nearer to parallelism than the other, it may be preferable to use 
the best far the index-glass ; because, whilst the line of collimation of the tele- 
scope fe fixed in respect to the horizon-glass, the error in the horizon-glass 
becomes a constant quantity. Instead of darkening-glasses, I think opaque 
screens may often be used with great advantage ; for we avoid by that means 
the bad effect of improperly ground darkening-glasses ; and at the same time, 
within, certain limits, we can preserve the two images of the same colour and 
light, if we choose. For these effects I propose two opaque screens to be 
adapted, one for the horizon-glass or for the direct view, which is to be move- 
able behind the horizon-glass by means of a lever properly applied ; and the 
other for the index-glass or reflected view, to be moveable in front of the index- 
glass by means of a lever ; and by properly moving the screens, any proportion 
and diminution of light, within extensive limits, may be obtained at pleasure. 

When a telescope is adapted to the instrument which is furnished with these 
opaque screens, it will not be necessary to diminish the aperture ; and it will 
be far from a defect, if I judge rightly, for the aperture of the telescope to be 
larger than the horizon-glass, provided it be not an improper aperture for the 
telescope. In using a great magnifying power to these instruments in terres- 
trial observations, the phenomenon, which I term the commixture of lights, 
would become extremely embarrassing, were it not for the use either of opaque 
screens or darkening-glasses, or at least some contrivance for the same pur- 
pose. The use of opaque screens will enable us to perform an interesting 
experiment on the effect of the commixture of lights ; for having supposed 
the two screens so adjusted, that the view by reflection and the direct view 
shall be equally bright, we may darken one of the views by its proper screen 
without intercepting the whole of the rays coming from that view, so that it 
shall totally disappear ; and then, by using the other screen to darken the 
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other view, the rays of the first, though not greater in quantity than before this 
last screen was used, will again produce a distinct view ; and, with care, we 
may proceed to a second disappearance and a subsequent re-appearance, and 
probably we may proceed further. The light of the sky may be brought 
down by reflection, so as totally to cause a previously distinct view of a terres- 
trial object to vanish ; but the screen will again make it appear. And it may 
be an amusement, having obtained the proper proportion of light by means of 
the screens, in observing a distant shut-window, to give the appearance of open- 
ing and shutting the window by merely moving the index. These screens 
may be serviceable in measuring the proportion of light in different objects, 
and in showing the quantity of day-light necessary to destroy the impression 
of the light of a star. It is well known that a telescope for a near object must 
have the eye-glass drawn more out than for a distant object ; hence it will 
happen, in constructing the instrument in an economical mode, if instead of 
procuring a reflector of a glass ground to a plane, we should have met with a 
concave or a convex glass for one of our reflectors, as these would make distant 
objects appear nearer, it follows that, in measuring with our instrument the 
angles of distant objects, if we adjust the telescope for distinct vision for one of 
the views, it would give indistinct vision for the other view ; if this should be 
intolerable, a lens may be put before the reflector to correct the effect. If the 
glass reflector be prismatic, on looking at the sun &c. in it, we may see several 
images of different brightness : it will be necessary in that case to fix on one 
for the subject of observation, and the image from the quicksilvered part will 
be situate, not as if it were reflected by either the anterior or pdsterior surface, 
but as if reflected by a surface which, if it be the brightest image which we 
contemplate, I shall call the first apparent posterior plane of reflection. When 
a ray comes from a point at a distance, on a glass whose surfaces are ground 
parallel to each other, an eye situate on the same side of the surface as the 
radiant point, will receive the images from the reflection of the two surfaces 
together as one image; but if the radiant point be near the glass, it may 
receive them as two objects or more, from the internal reflections, as it would 
from a prismatic glass reflector ; and therefore, to discover if the two surfaces 
are parallel by means of the coincidence of the reflected images, the radiant 
point should be at a distance, otherwise we might be induced to consider them 
not parallel, when in reality they are so. And it likewise follows, from what 
has been said above, that if of the two reflectors one should be concave or 
convex, though it should be metal, and the other glass, whose surfaces are 
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truly parallel, that in virtue of the first bringing the distant object near, we 
may see a repetition of images. 

If a represent the principal focal distance of an object-glass of a telescope, 
and the eye perceives distinctly, from the rays coming from an infinite di- 
stance, and the eye-glass be adjusted to see perfectly at an infinite distance, 
then, if to see a near object distinctly through the telescope the eye-glass be 
required to be pulled out the small quantity k ; then will the distance of that 

object be + a from the object-glass ; for if r be this distance, as the distance 

of the conjugate focus from the object-glass will be a + k 3 we have by the focal 

theorem r+ a + k :r : : IT+l : a; a+k : k : : r: a; :• r = -*-+ a. Hence, if 

a mirror should happen to be a portion of a sphere of radius 6, concave towards 
the object ; and the object-glass of a telescope regarding the reflection of a 
distant object, should be distant c from the face of the mirror, then, since a 
distant object reflected by the mirror will appear from the object-glass of the 
telescope at the distance c— \ b : consequently a and k being as before, we 

have c— £ J= ^-+a ; and therefore i=2c-^ — 2 a for the radius of the 

mirror. If b comes out negative, the mirror will be convex ; if k is equal to o f 
the mirror will be a plane. 

Since the invention of these doubly-reflecting gonklmeters, the chief devia- 
tion of form has been in the portion of the graduated limb ; and the instru- 
ment has accordingly received the name of the octant, sextant and reflecting 
circle. Besides which, it may be proper to mention that Atwood had consi- 
dered a doubly-reflecting goniometer to be applicable to the accurate measure 
of small angles, by having the two reflectors much inclined to the plane of the 
graduated limb. — (See his paper in the Philosophical Transactions, in which he 
has considered the theory of this instrument.) And I observe, that the instru- 
ment, in the common construction, inasmuch as having the reflectors per- 
pendicular to the plane of the graduated limb, may, I think, be applied with 
great advantage as a micrometer ; in which case the graduated limb may be 
very small, say one degree, more or less, according to the purpose intended. 
If this is to be fixed to any telescope in particular, the construction may be 
more simple than if meant to be used occasionally as a micrometer to different 
telescopes. In the former mode, without being very minute in the description 
of the construction of it, suppose ADBC (Plate V. fig. 1.) a telescope, AD 
the object-end, and BC the eye-end ; AH a strong arm to the telescope-tube 
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at A ; on it fix the horizon-reflector GH ; on the opposite side of the axis of 
the telescope at D, fix another arm. Let the index-glass PK be moveable 
about a centre somewhere in this arm : let CE be the small graduated limb 
fixed to the eye-end of the telescope, and let KE be an arm or index, one end 
moving on CE, with a micrometer-screw, if necessary, the other end being 
fixed to the back of the index-glass, which it serves to move about a centre. 
The position of HG must be such, that some one line FG drawn from one 
glass or reflector to the other, shall make the same angle with the perpendi- 
cular to GH, that this last makes with the axis of the telescope, or at least with 
some line in the telescope, otherwise the light reflected by FK to GH will not 
be reflected by GH down the telescope. The apparatus should likewise be 
provided with opaque screens, above described, or with dark glasses. And the 
longer the telescope is, the longer will be the radius KE of the arc CE, which 
of course is an advantage. This instrument will serve to measure distances on 
land, by one station, arising from what I have called in the Second Part, the 
parallax of the instrument, within degrees of accuracy, depending on the 
distance of the two reflectors from each other ; and, in consequence, it maybe 
convenient to place the reflectors at a greater distance than when the instru- 
ment is only intended to measure angles in the heavens. The same figure will 
show the form which may be used for a micrometer which is to be applied to 
different telescopes occasionally, if the part ADBC be conceived to represent, 
instead of the telescope, a tube in which the telescope is to be fixed. This 
apparatus, with but a small alteration, will serve for another purpose, which 1 
prefer not treating of at present, not being anxious to anticipate the subject 
of a paper which I have it in contemplation to write. 
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Lemma. Ip there be two parallel straight lines, so terminated that a line 
perpendicular to them, which bisects the one, shall likewise bisect the other, I 
say the right lines joining the contrary extremes of those lines will be equal to 
each other, and that the angles made by the said parallels with the lines join- 
ing those, extremes, are equal to each other. 

Pig. 2 and 3. Plate V. Let AB, CD be the two parallel lines, EP the bi- 
secting perpendicular cutting AB, DC in E and P : draw CG, DH parallel to 
EP, cutting AB in G and H ; therefore, because AE = EB, CP = ED ; and 
therefore GE = EH, it follows that AG = BH ; consequently, in the right- 
angled triangles ACG, BDH right-angled at G and H, AG being equal to BH ; 
CG = HD, AC and BD will be equal to each other, and also the angle A will 
be equal to the angle B. — Q.E.D. 

Corollary. If in a right line, perpendicular to the plane of a plane mirror, 
there be taken two points equidistant from the mirror, but on contrary sides, 
then will a right line, joining one of the points with an object, be equal to the 
right line, joining its reflection by the mirror and the other point ; for let EP 
be the reflector, C and D the points, A the object, B its reflection ; therefore 
AE=EB ; and therefore EP, which is perpendicular to AB and DC, bisects 
them ; and therefore by the Lemma AC=DB. — Q.E.D. 

Probleml. Fig. 4. Plate V. The position of the eye, of the horizon-glass, and 
index-glass of a Hadley's sextant, or other goniometer constructed on similar 
principles, feeing given ; and also the positions of a line passing through the eye 
and the reflected object in the horizon -glass; and the distance of the real object 
from the eye being given; it is required to find the angle subtended at the eye 
by the real object, and the reflection of it by the object-glass ; the ray passing 
to the eye from the said reflection being parallel to the plane which is perpen- 
dicular to the two glasses ? 

3a2 
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Suppose it done DC the index-glass, EC the horizon-glass, H the eye A the 
obiect, B its reflection in the index-glass, R the second reflect™, which « in 
the horizon-glass c draw Hg perpendicular to CD, catting it in g, produce Hg 
! Sr g H ; also ike eE perpendicular * « * 
produce eE to/, making/E = eE; join/, R; e,B ; H, A; R,B; an d A B 
and let RB cut CE in M ; therefore (corollary to the Len. m a»)/R=eB_HA, 
which last is a given magnitude by hypothesis, but / and RH are given in 
IsUion; therefore R is given in position; therefore R » given; conse- 
quently RM is given in position and magnitude ; because CE is given m po- 
sition/and the angle M is given in magnitude; therefore RB us double . 
given ; and consequently B is given ; and because CD is given m position, A 
will in consequence be given ; but R is given ; consequently the angle RHA 

K clZla^TsinceZme=ZHkB=Q>y the Lemma) I ABe= (if ^CD 
cut RB in n) A DBn + InB e = (by the Lemma) I DBn + Z/RB « i : DB* 
+ ZBRH+Z/-RH; it follows, by adding ZeHR, that the angle AHR- 
l DB»+ Z BRH + Z/RH + ZeHR; but I DBn = I MCn by reason .of the 
right Z ZM and D; and by reason of the right-angles M and g ZliKH 
+ Z eHR = I MCn ; therefore the angle AHR =2 Z MCn+ Z/RH. 

CMo^ 2. Draw fs perpendicularly to RH, cutting it in S ; then it is evi- 
dent if the instrument be small in comparison to the distance of the ob- 
ject that fs will be small in comparison with/R ; and therefore that the angle 
fRs which may be termed the correction necessary from the parallax of the 
instrument, will be small ; and if the distance may be considered as infinite, the 
correction will vanish ; and then also HR may be considered = AH, as it win 
differ from it but by a finite quantity. 

Corollary 3. If the real image and the image in the horizon-glass appear 
in one line, since the angle AHR does then vanish, it follows, in that case, that 
the angle fRs, the correction arising from the parallax of the instrument ,wm 
be equal to - 2 Z MCD ; and consequently, from the given dimensions ot the 
instrument, the distance may be determined. 

Corollary 4. L being the centre about which the index-glass turns, draw 
LQ _L CE, cutting it in Q, which produce to P, making PQ=QL, and join FJ; 

* A known law of reflection in plane mirrors being here assumed, namely, that a rl S^' h °* 
joining a point and its reflection in the mirror, is bisected by the mirror and is perpen i 
to it. 
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and L,e; consequently, since fe is J.QC, and /e=:eE (according to the 
Lemma) P/=Le; but because eg-=gH, and Lg perpendicular to eH, Le is 
=LH a given magnitude ; and L and P are given ; consequently e and f are 
in the circumferences of given circles about the respective given points L and 
P as centres. 

Corollary 5. Hence, and because the sine of the angular error fRs arising 
from the parallax of the instrument is equal to fs divided by /R, considering 
radius unity; and because /R is equal to AH, the distance of the real object 
from the eye, a given magnitude ; it follows, that as/s is the greatest, when if 
produced, if necessary, it will pass through the centre P, the error arising from 
the parallax of the instrument will be the greatest in that case. And if the circle 
about P cut sH, there will be a case or limit in which the error is constantly 
positive, and another limit in which it is constantly negative, a particular case 
of greatest positive error, and a particular case of greatest negative error. And 
the sum of the sines of these greatest errors, taken independently of sign, will 
be 2LH divided by the distance of the real object from the eye. There will 
likewise be two cases where the error vanishes, namely, when the point / falls 
in the right line s H ; for then fs evidently vanishes. But if the said circle be 
wholly without the line RsH, the error will either always be positive or always 
negative, and will admit of one case of maximum only and one case of minimum 
only, and the corrections will respectively be to be added or subtracted, ac- 
cordingly as the circle falls on a different side, or on the same side of the right 
line RsH ; and the difference of the sines of the greatest and least errors will 
be equal to 2 LH divided by the distance of the real object from the eye. But, 
lastly, should the circle in question touch the said right line, there will be one 
case where the error is ^maximum, and one case where the error vanishes; and 
the sine of the greatest error will be equal to 2LH divided by the distance of the 
real object from the eye ; and it will be to be added or subtracted as in the last 
case. Whence, of all instruments, LH remaining the same, those will be sub- 
ject to the greatest error, arising from the parallax of instrument, whose circle, 
described with the radius equal to LH about P, does not meet the right line 
RH ; and those whose said circle is cut by RH, are subject to the least maximum 
error arising from parallax. 

Corollary 6. Draw LU a perpendicular to RH, cutting it in U ; let LP pro- 
duced cut RH in t, draw/r a parallel to RH, cutting LP in r; and let PV be 
parallel to RH, cutting fs in V; also let LC cut RH in W. Then since A LWH = 
A C WK, it follows that A CKW+ A KCW= I WLH+ ^ LHW ; and there- 
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fore Z WLH = Z CKW+ Z KCW- Z LHW ; and therefore ZelM = 
2/CKW+22KCW-2^LHW. Also^QLH being equal to two right 
Lg™H- Z LHWit i 8 =one rightang,e + ^™ Hence 
ZehQ, or by the Lemma ZfPQ, is equal to one right angle + Z CKW- 
^LHW-(22CKW+22KCW-2ZLHW) = one right angle - angle 
CKW-2 Z KCW+ Z LHW ; but the angle frh is equal to the complement 
of Z CKW to a right angle, because it is equal to Z QtK ; therefore the angle 
tfP, or its equ^/PV being equal to ZfrL - Z/PQ. y^wT 
4hU- ^CKW-(one right angle - ^CKW- 2.KCW + ZUI*> 
2* KCW- Z LHW. Whence /V, which is equal to P/X sine of Zf¥\ to 
radius unity, or LH X sine of ZfPW is equal to 

LHW) And PY or Vs being equal to P< X sine of Z PtY={4 1A}-l.i;x 
sine of P<Y=-LH sine of LHW+2 LQ. sine of P*Y. Hence because 
Z PtY is the complement of the angle CKW to a right angle, we have/s= 
-LH. { sine of LHW + sine of (2 KCW-LHW) ] + 2 LQ. cos of CKW. 
Hence, No. 1, in a given instrument to find when the error vanishes, we have 
by making fs = o, sine of (2 KCW-LHW) = 2 - Jj. cos of CKW— sine of 
LHW • and therofore as LQ, LH, Z CKW are known, 2 KCW is immediately 
known, which will be the angle marked on the limb of the instrument, and 
will be the true angular distance AHR, causing the error to vanish. No. %. 
If m be the distance of the real object from the eye, the sine of the error ot 
the angle shown on the limb is - ^{ sine of LHW + sine of (2 KCW- 
LHW) | + 2 ^ cos of CKW. No. 3, And therefore if by any means the error 
or parallax is known on a given instrument corresponding to a given angle C, 
the distance of the object from the eye is had. 

Corollary 7. Because sine ofsKCW-THW =sine of 2KCW. cos of LHW - 
sine of LHW. cos of 2 KCW ; and LH sine of LHW=LU, and LH cosine of 
LHW = UH, it immediately follows from the value of/s in Cor. 6, that/8 - 
2 LQ. cos of CKW + LU. cos of 2 KCW - UH. sine of 2 KCW-LU ; and 
therefore it appears that if in the right line RH there be taken a point 0, sucn 
that LU + UO. sine of 2 KCW, be equal to LU. cos of 2 KCW + 2 LQ- cos 
of CKW ; and the place of the eye or H coincide with the point O, fs, an 
consequently the error arising from the parallax of the instrument will vanish .; 

.„ TTrk , ,. LU. cos of 2 KCW - LU + 2 LQ. cos of K d the e ye 
that is, if UO be equal to dneofaKCW 
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be placed at O, there will not be any error arising from the parallax of the in- 
strument ; that is to say, Z AOR will be equal to 2 Z KCW. But the place of 
this point O will vary with the angle C, other things remaining the same. 

Corollary 8. But H remaining the place of the eye, draw H^XAO cutting 
it in and because the Z HAO is equal to the difference of the Z AHR and 
Z AOR ; that is, the difference of the angle AHR and 2 Z KCW ; it follows 
that the angle HAO is equal to the angle /Rs, which has been proved to be 
the value of the same difference, and Hp=fs : and this would also be evident 
by considering that Hp, = HO X sine of AOR = HO X sine of 2 KCW. And 
with regard to our figure it may be observed that Z AHR being according to 
the scheme greater than 2Z KCW, that is Z AOR, we have placed the order of 
the letters R, H, O properly. 

Corollary 9. When the real object and the reflection of it in the horizon 
glass are in one line, if m represent the distance of the real object from U, the 
distance from eye or AH will be = m + UH (since in this case A is in the line 
HR) ; then since by corollary 3 we shall have the error — 2 2 KCD, and by 

corollary 5 the sine of this error is = we have fs = — AH. sine of 

2 Z KCD, or ( - m + UH). sine of 2 Z KCD ; but fs by corollary 7 is = - LU 
-UH.sineof 2^KCD + LU. cos2^KCW+2LQ.cos of CKW; it thence 
immediately follows that m the distance of the real object from the fixed point 
U is = (LU-LU.cos of 2Z KCW-2 LQ. cos of KCW) -r- sine of 21 KCW; 
and this affords a very easy method when the parallax of the instrument is 
sufficiently large in proportion of the distance of the object, to find that di- 
stance by one observation. And I also observe that if 2 Z KCW be small, 
which will be the case when the object is distant, provided however that 2 LQ 
.cos of CKW be large in proportion of LU.versed sine of 2^ KCW ; for our 

_ , . LQ.cosofCKW 
theorem we may use an approximation, namely the value _ arc K c W to radius unity 

for the distance from the fixed point U, where I remark that LQ.cos of CKW 
is constant for all distances. 

Corollary 10. Join AU and draw Ud_AO cutting it in v, then because the 
angle subtended at an eye at U by the object A and its reflection R, is the 
angle AUR ; and because the angle AOR = 2^ KCW, marked on the limb, 
the angle UAO the difference of these two is the correction to be affixed to 
the nominal angle on the limb for the real angle subtended at U, and because 

Vf . 

Uv = UO. sine of AOU = UO. sine of 2 Z KCW ; and sine of UA v = ^ it 
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follows that the sine of the said correction is = (by corollary 7) (LU . sine of 
2 KCW-LU+ 2 LQ . cos of K)-j-AU. _ . 

Corollary 11. Draw WQ'J-CK cutting it in Q', then since, after the index 
glass CLD is fixed in any particular position, it cannot signify about what 
point it may have moved to arrive at that position, fs will not be altered by 
supposing W to have been the centre of motion instead of L ; that » /. wfl 
J be aftered by supposing L to coincide with W j in which <"»'™" 
wiU vanish and Q will coincide with Q'; and therefore by cor. 6 we ^shaU 
have fs = 3 WQ'. cos of CKW- WH. sine of 2 C = 2 WK. sine of CKW 
cTo / fCKW-V.sineof2C=WK.sineof2CKW-WH u Sineof2a 

" Problem 2. If a goniometer be formed after the manner of a Hadley s sex- 
tant except that neither of the reflectors is of necessity perpendicular o the 
J! of the divided limb, which I shall call the plane of the ^^'Z 
L visual ray or line of collimation of the telescope parallel to the plane o the 
^ment/then if there be given the inclination of each reflecto, ^J* 
of the instrument, the inclination of the visual ray or hue of <^^ rf *J 
telescope both to the horizon-glass, and to the plane of the ^ umen ^ nd 
Jewise the angle intercepted by the intersections of the reflects ; w,t h 
p,ane of the insu-ument. It is required to determine the angle made b he 
visual ray with the plane which is perpendicular to the two reflectors ; and the 
angle made by the Lersections ofthe said reflectors with the aforesaid plan 
perpendicular to them, or, which is the same thing, the inclination ofthe two 
reflectors with each other ? . 

Suppose it done about any point C [Fig. 5. PI. V.] given at pleasure and 
any radius : let a sphere be described ; draw the great circle ABE parallel to 
the plane of the instrument, the great circle GKL parallel to the honzon- 
glass or reflector, PDL a great circle parallel to the index-glass or reflector, 
cutting GKL in L. Let CM be parallel to the visual ray or line of coflima. 
tion, through which draw the great circle KMH perpendicularly to WH* 
cutting it in K, and draw the great circle AGFE perpendicularly both to 
and LDF, cutting ABDE in A and E, GBL in G, FDL ,n F and KMH 
in H. Let the great circle Urg be perpendicular to the plane of the ins 
ment, and therefore to ABE cutting this in r. And let MM be a g 
circle perpendicular to AGFE cutting it in N ; then, since all lines and ptenes 
parallel to lines and planes which make given angles with each ^ otner \"V, 
with themselves angles respectively equal to the given angles of the ong 
lines and planes to which they are drawn parallel, we have the inchnatio 
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the horizon-glass to the . plane of the instrument equal to the angle ABG, the 
angle of. the index-glass to the plane of the instrument equal to the angle 
FDE, the angle made by v the! intersections of the two reflectors with the plane 
of the instrument, (which in Hadley's quadrant is half the nominal angle of 
the limb,) measured by the arc BD ; the inclination of the visual ray to thfe 
horizon-glass measured by the arc KM, and the inclination of the visual ray 
to the plane of the instrument measured by the arc M**: all of which angles 
are given. Moreover, the arc GF, which is to be found, is thfe measure of the 
angles of the intersections of the two reflectors with the plane, which is per- 
pendicular to them, and is measured by the angle L ; for L will: be the pole of 
GF ; and the arc MN measures the angle which the visual ray or line of col- 
limation makes "with the: plane perpendicular to the two reflectors, which is 
also required. And because the great circles QFH, KMH are perpendicular 
to the great circle GKB, therefore H is the pole of GKB. Now in the great 
circle spherical (quadrilateral MKBr right-angled at K and r, having MK, Mr, 
and the angle KBr, the supplement of ABG, KB will be given ; for we shall 

have sine of KBr : tan of MK : : ^-v^ + cos of KBr : sine of KB* ; and 

sine ot MR. 

in the great circle spherical triangle BLD we have the angles B and D, ami 
BD, to find both L one of the requisites, and BL ; .\ we have KL, and there- 
fore KG its complement to a right Z, GL being a quadrant, as L is the pole of 
GF ; and because H is the pole of GKB, GK is the measure of the angle 
NHM. Hence we have given MH the complement of KM, H the complement 
of KL, and the Z N of the spherical triangle MNH a right angle to find MN, 
the inclination of the visual ray to the plane which is perpendicular to the two 
reflectors. 

* In the great circle spherical quadrilateral (fig. 5.) KMrB, if K and r are right Z jL , I say 

sine of KBr : tan of MK : : f " c ° g f ™l + cos of KBr : sine of KB. For let the great circle 
sine of MK 

MB he drawn, then because sine of MB= . 8ine and also =s f IBC ° f .?l T , it follows that sine 

' sine of KBM sine of MBr' 

of MK : sine of Mr : : sine of KBM : sine of (KBr— KBM) or sine of KBr. cos of KBM— 
cos of KBr. sine of KBM ; that is, sine of MK : sine of Mr : : 1 : sine KBr. cot of KBM— 
cos of KBr; hut cot of KBM = cot of MK. sine of KB ; therefore sine of MK : sine of 
Mr : : 1 : sine of KBr. cot of MK. sine of KB — cos of KBr ; therefore sine of KB = 
sine of Mr . #Tr „ 
sin77JMK + COSOfKBr ' 
cot of MK. sine of KBr. 

VOL. I. PART II. 3 B 
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Corollary 1 . Hence we see that when the planes of the reflectors are not 
perpendicular to the plane of the instrument, the nominal angle indicated 
by the index, which is double the angle of the limb, is not double the angle 
made by the two reflectors with each other ; and we have the Z BLD made by 
the two reflectors with each other, from the property cos of BLD = sine of 
LBD. sine of LDB. cos of DB— cos of LBD. cos of LDB, considering radius 
unity ; and it is double this angle, which should be the angle named on the limb. 

Corollary 2. If the index-glass be perpendicular to the plane of the instru- 
ment, then we have cos of BLD = sine of LBD X cos of DB. And if the 
horizon-glass be perpendicular to the plane of the instrument, we have cos of 
BLD = sine of LDB. cos of DB. 

Corollary 3. If a=sine of LDB. sine of LBD, or its equal { cos of (LBD 

- LDB)- cos of (LBD + LDB) } ; and 6= cos of LBD X cos of LDB, or 
its equal £. { cos of (LBD- LDB) + cos of (LBD + LDB) \, z = BD the 
real angle measured on the instrument ; that is, not its double, which is the no- 
minal angle, z + w the angle made by the reflectors with each other, we 
shall have cos of z. cos of w — sine of z. sine of w = a cos of z —6. Put sine 

of tfl=e; : • cos of w= »/ 1 - = 1 — ^— ~ &c, and our equation will become 
e. sine of z + (^-+ ^ * c 0- cos of * = T^H. cos of z + b; hence it is evident 

if 1 — a and b be both small, which is the case when the reflectors are 
nearly perpendicular to the plane of the instrument, that e will be small, and 

if z be not so near o that ^— a \' c ° 8 o{z + b cannot be considered sufficiently 

sine of z 

small, then will e or w itself be very nearly = 0 ~ a \ coa ,° f - + b . The crite- 

J J sine of * 

rion of the justice of the assumption is the value of cos of z ; for if this be 
much smaller than e sine of z with that assumed value of e, then is e approxi- 
mated by it. If e sine of z and cos of z are of the same degree of smallness, 

which may be easily judged from the equation, then for an approximation we 
may still neglect e 4 &c, and our equation for determining e will be e sine of % 

e 1 . . 

+ — cos of z = (1 — a) cos of z + 6. But lastly, if e sine of z be of an insig- 
nificant value with regard to cos of z, then we shall have for e, the approxi- 
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fnation 



a. cos of z + 26 



I, and in all these cases for e we may take w. as 

cos of z 

in consequence of w being small it will not differ much from it. 

Corollary 4. If when the reflectors are nearly J_ plane of the instrument 
*=o, T~—a + b nearly ; and when 2 = 90° then e = b accurately, be- 

cause in this case the part neglected multiplying the powers of e* &c. vanishes. 
The accurate value of c when z = o is immediately obtained by making z=o, 
in the equation' cos of 7+w = a. cos of »— b, as we shall thence have cos of w 
or i/i— e*= «— 6 ; if in this for a and 6 we put their values in Cor. 3 we have 
cos of io=-cos of (LBD+LDB) ; and w = 180-LBD-LDB when z=o, 
and this may be immediately discovered from the contemplation of the figure. 
If s= 180° we have cos of w=a+b=zcos of (LBD— LDB), and in that case w 
= the difference between LBD and LDB. 

Corollary 5. As sine of KB = jg$j§frX ( Zeol MK + cos of KBr ) If 
the line of collimation of the telescope be nearly parallel to the plane of the in- 
strument, and the reflectors are nearly perpendicular to the plane of the instru- 
ment, or, which is the same thing, if Mr be small, the angles B and D be nearly 
right angles, KB will be small, unless cos of MK be small, that is, unless the 
line of collimation of the telescope be nearly perpendicular to the horizon-re- 
flector ; consequently supposing cos of MK not small, Mr small, and B and D 
nearly right Z Z,we may write KB, for sine of KB, in the above value ; and it 
is, by the bye, a constant quantity, whilst the position of the horizon-reflector 
and line of collimation of the telescope remains fixed with respect to the plane 

. . A - nT . „ sine of B. cot of LDB , 
or the instrument ; moreover as cot of BL is generally = sine of BD ' 

cos of B. cot of BD, we shall have, in case B and D are nearly right angles, 

and sine of BD not very small, nearly 90°- BL = ^"J ^ + (90°- LBD) 

.cot of BD ; consequently supposing also that the line of collimation of the te- 
lescope is nearly parallel to the plane of the instrument, but not nearly perpen- 
dicular to the horizon-reflector, we shall have nearly KL = 90° + KB — 

- (90P- LBD). cot of BD ; and therefore because sine of MN 
(or MN itself nearly) is equal to sine of MH. sine of MHN = sine of MH 
.cos of KL, it will be nearly ={^55ji+ (90- LBD). cot of BD-KB} 
X cos of MK, that is, this will be nearly the inclination of the line of collima- 

3b2 
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tion t0 the plane perpendicufcr to the ^^^^fiZZ 
only true when sine of BD is great » compati8 on of those 

LED ; if, on * ^TS BL very si and if BD 

quantities, the cot of BL would be very g , ^ 
luld be nothing BL would hkewise vanuh r be equa ^ ^ ^ 

i: 1 1 «E£r« ± - of MK X cos of KB, upper or under sign to be 
^o^^ we have,B 

^hle^ 

81 l r l b 3 m in the goniometer described in Problem 2, having the data of 
^uted to Ermine the angle, the true object, and the reflect™ of it m the 

wbfch is perpendicular to the two reflectors ; and also the angle made by Ae 
to interfectLs with each other, which is made by the reflectors * th he s. 
plane perpendicular to them ; and conceiving tins plane to V *s through o 
obiect it will also pass through the reflection in the honzon-glass. Then* 
f^t be taken in L plane Lj where, not at an infinite 
tactions of the said plapes with the plane of the "f^^^Ud 
Prob. I. Cor. 2. that the angle subtended at that point by the real and rene 
obiect is equal to twice the angle made by the two intersections ; «dfl-H» 
. aid pointl equally distant from the real and reflected ^^^Z 
fore be given. Let H be the eye, KC, LC the i« tersect,onS k l the p ^t A, 
index reflectors respectively, with the plane passing through the real A 
and perpendicular I the said reflectors. Let R in the said p lane AKCL 
object in the horizon-glass; draw HO perpendicu ar to th .plan • A» . 
Jtting it in O ; join A,H ; R,H ; A,G ; and R O ; * he "' J ^q=OR, 
said, we have . KCL given, and the angle^AOR^ 1 .KCL *» AO 
and consequently AH=HR; and the ^HRO is given, it being the ang 
by the line of collimation or visual ray with the plane perpendicular «> 
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reflectors, and therefore the ratio of RH to RO is given ; but in the isosceles 
triangle. AHJt, having ,tbe vertical Z AHR, we have the ratio of AH or HR to 
AR; but we have ako the ratio of RH to RO or AO, we have consequently 
the ratio of AO or OR to AR ; apd consequently the vertical angle AOR of the 
isosceles triangle of AOR the required angle is had. — Q.E.I. 

Corollary }. Because AR=2RO. sine of JZAOR, and also equal to 

2HR. sine of \Z AHR, it follows that sine of£^ AHR=^ sine of^ AOR 

=sine of (J Z AOR) x cos of ORH. 

Corollary % If Z AHR= Z AOR— w, we shall have sine off AOR. cos 
of \ w-cos of £ AOR X sine of § to=sine of ±Z AOR x cos of ORH ; take 
each side from sine of %Z AOR, and we have sine of £ AOR.versed sine of 
JwXcos of £ AOR. sine of J u?=sine of J ^ AOR X versed sine of ORH ; 
: • if ORH is very small £ a;=tan of \ Z AOR X versed sine of ORH nearly, or 
w=i X tangent of±Z AOR nearly, if ORH here stands for the arc to 

radius one corresponding to Z ORH ; this, however, will cease to be an ap- 
proximation when cot of £ AOR is not large in comparison of versed sine of 
J w. If it were small in comparison of versed sine of £ w, we should have 
nearly versed sine of ^ w?=versed sine of ORH, or u?=2 0RH nearly; and 
this would be its exact value when Z AOR= 180°. And 2 ORH is evidently the 
greatest value w will admit of ; for otherwise cos of J AOR.sine of i w, con- 
sisting of a product of two terms, of which both are assumed affirmative, would 
be negative, which is absurd. In which remark I observe, that I consider the 
Z AOR on that side which is not greater than two right-angles, and in which 
case AHR is less than AOR, and consequently w positive. 

Problem 4. In the goniometer of Problem 2, given the inclination of the 
horizon and index -glasses to the plane of the instrument, their intersections 
with the plane of the instrument, and from which plane the distance of the eye 
is given, and also the point where a perpendicular from the eye to it, cuts it, 
being given ; the inclination of the line of collimation of the telescope with the 
horizon-glass ; and also with the plane of the instrument ; and the distance 
of the eye from the object all given, to find the angle subtended at the eye 
by the real and reflected object ? 

Fig. 7. Suppose it done ; let A be the real object, R the object in the hori- 
zon glass, and AR will be in the plane, which is perpendicular to the two 
reflectors, and passing through the object. Let O be the eye; from O draw 
OH perpendicularly to the plane AQR, which is perpendicular to the two re- 
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Hectors, cutting it in H ; let GNMZ be the horizon reflector, cutting the 
plane ARQ in GZ ; GNLY the index reflector, cutting the plane ARQ in 
GY ; also through O draw the planes CMLO, NMLO ; the first parallel to 
the plane ARHQ, the second parallel to the plane of the instrument; the 
horizon glass cutting these planes in CM, NM respectively ; and the index 
glass cutting them in CL, NL. Join AH, RH; draw MZ, LY, parallel to 
HO, cutting GZ, GY in Z and G. Let GZ produced cut RH in K, and 
GY produced cut RH in W ; and by problem 2 we have the A ORH, made 
by the line of collimation, with the plane perpendicular to the two reflectors, and 
also the A ZGW, or A MCL ; and from cor. 6, prob. 2, we have the ^NML, 
which is equal to the angle made by the line MN, which is in the section of 
the horizon reflector with the plane of the instrument, with the line ML, which 
is in the section of the plane, perpendicular to the two reflectors, and the plane 
of the instrument (that is, L BC A of fig. 5) ; but OM is equal to the distance 
of the point, where the perpendicular to the plane of the instrument, passing 
through the eye, cuts the said plane, from the section of the horizon glass and 
that plane; when after being diminished by the rectangle of the distance of 
the eye from the plane of the instrument, with the cot of the angle made by 
the horizon glass with the plane of the instrument, it is divided by the sine of 
OMN*, consequently MO is given, and OL is found by a similar operation 
with respect to the index glass ; and MLO being the common section of CML 
and NML, is a right line ; and therefore ZYH is a right line. Moreover I 
GKH is the angle made by the line GK, which is the section of the horizon- 
glass, and the plane perpendicular to the reflectors, with the line which is the 



* For NMO being as before, let OM, fig. 8, be J_MN, and cat it in M'; let N'M"0' be 
the plane of the instrument, cutting the horizon-glass in N'M", and cutting the right line 00', 
which is perpendicular to 0'M"N' in O; also let M'M'' be the section of NM'M"N' and MOO', 
and join O M" ; then is 00' the distance of the eye from the plane of the instrument; bat the 
planes NM O, N'M"0\ parallel to each other, being cut by a third plane, their sections OM', 
O'M", with the said plane are parallel to each other; and, for a similar reason, is NM' pa- 
rallel to N'M"; but OM' is _1_NM ; : . O'M" is J_N'M", and therefore O'M" is the given di- 
stance from the point of intersection of the line drawn from the eye J_ tne plane of the instru- 
ment to the intersection of the horizon-gloss, and the plane of the instrument ; draw Oi 0 
M'M", cutting OM", in i, then will OsO' be the inclination of the horizon-glass with ths 
plane of the instrument, and by reason of the parallels, M'0=M''E; r . M'0=M"0'-00'. 



cot of OsO', and 0M= v 



OM' 



sine of OMN. 
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Section of the last-mentioned plane, and the plane perpendicular to it, passing 
through the visual ray (in the figure of problem 2, this is represented by the 
angle GCN). And Z GZY, or CML, is what is represented in figure to prob- 
lem % by ACG. Therefore, because OL=YH, and ZH-MO, we have in 
the triangle KZH, given ZH, Z KZH and ^GKH, we therefore have KH 
and ZK ; and because we have Z Y, Z KGY, by problem 2, and the angle 
GZY we have GZ, and therefore we have GK ; and consequently having GK 
and the angles of the triangle KG W we have KW. Draw Hge J_ GWg, 
making eg=gh, draw e F/J.GZE, making E/=Ee, and join/R; there- 
fore since A is an object, which after being reflected in the index-glass GY, is 
reflected from thence to the virtual focus R by the horizon-glass GK, by pro- 
blem 1, R/is equal to AH, and the angle AHR=2 Z KGW+ ZfRH. Draw 
fs J. RH, cutting it in s, and as / is given with respect to H, and the line HR, 
and OA and the angle ORH are given, put AO=a, HS=6, sf=c, andcotangent 

of Z ORH=w, also HO=x; RH=nx, AH or R/=^5C?; RS= 

Va , - C *-*S* :• RH= <Sa 9 -c*—a*+b=(from above) nx; :• a*-c 2 -a*==n*s:*-2n6x 

+ b *> ^-M^^=-TT^- and x= TV* ' there " 

foreRS=(n*-6=) ^ = - i+t 

and the tangent of the angle fRS = , = And there- 

fore ZfRS; and consequently Z AHR is had; and because AH and RH 
are now known, AR is had ; but AO and OR is had, therefore the required 
^ORis known.— Q.E.I. 

Problem 5. To explain the passage of a ray of light falling on the anterior 
surface of a prismatic glass reflector, and refracted in its passage to the pos- 
terior surface, thence reflected to the anterior surface, and from thence re- 
fracted into the air : the anterior and posterior surfaces, and the incident ray 
being all given in position. 

Fig. 9. Let DC be the incident ray falling on the anterior surface of the 
prism at C, about which conceive a sphere to be described with a given ra- 
dius ; let the great circle ARBH of the sphere be the section of the anterior 
surface of. the prism and sphere; RXWHY the section of the sphere, with 
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the plane parallel to the posterior surface of the prism, passing through C;. 
ADKPBW a great circle, perpendicular to the plane. ARBH of the anterior 
surface of the prism, passing throtigh the iticident tay_DC ; and it will pass 
through the first refraction, wWch, let be in the,fKrectipp KC : let sr be the 
pole of RXWHY; and suppose P the pole of ARBH ; in the circle YKtX 
ta^e crE=TKi then will the ray KC falling joi| the posterior reflecting surface 
of thppirism, which is parallel to RXWH, be refl£cted;in the direction CE,^n 
which direction it will fall in the inside, of the prism on the anterior surface 
ARBH,; through the pole of .which draw the great circle PE, and in it take Ii 
so that sine of PI is t6 the sine of PE as the sine of PD is to the sine of PK ; 
that is, in the ratio of the sine of incidence to the sine of refraction, from the air 
into the prism, then will PI be parallel to the returning ray. Draw thd great 
circle^?*-*, cutting ARB in ^ .draw PR anda-R ; . then, as P is the pole of AR, 
PR is a quadrant ; arid because it is the pole of RW, tR is a quadrant ; : be-? 
cause PR. and tR are. quadrants, R is the pole of P** ; :. Rx is a quadrant; 
: • Z APcr, which is equal to the Z AC*, exceeds ACR by a right Z, and is 
therefore given, and P*r measuring the inclination of the anterior and pos- 
terior surfaces ARB, RXW is also given ; and Jil? is given • hence in the 
spherical triangle KPE, P*r bisecting KE there is given KP, Z KPt arid Pt 
to find PE, and the angle KPE, For this purpose, in the great circle P* 
continued, make =Pt, and draw the .great circle E§; then because *£=*P, 
a-E=Ktf-, and the angle P«r K= ZprE, : '. in the spherical triangles P*rK, 
£*E,we have ^EsrPK^ and the Z^ ZKPtt ; in the spherical triangle 
pPE we have given Pf, which is equal to twice the inclination of the surfaces 
of the prism to each other, side ,gE, which is equal to PK, and the ^PfE, 
which ia equal KPg, which itself has been proved to be equal to Z ACR, in- 
creased by a right Z , to find PE and Z EPf . Hence putting the sine of incidence 
to the sine of refraction from the air into the medium of the prism, as 1 : n ; 
AD==p, AK=q, Z ACR=a, 6, the arc which measures the inclination of the 
surfaces, we have cos of q=n cos of p ; ^E (=PK) the complement of q to s\ 
quadrant; P£=2 6, : . because cos of PE=sine of P^. sine of f E. cos of P?E+ 
cos of Pf . cos of g>E, we have cos of PE== — sine of 26. cos of q. sine of a+cos 
of 26. cos of q. Hence PI is had, and the angle KPE will be had ; and since 

COt 0f f PE =S COt ° f ^ - ™ 0f P * COt Of g = ^ " 
of 2 b. tan of a; and cotan of KPr = — tan of a;:- tan of KPE w 
cos of KP y+cotggPE / , sine of 9 6. tan of , , fQ . . nnfn \ 
cot of KP*. cot of f PE-i =V~tan ofa+ — — * +cosof26.tanofo; 
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divided by- 8in «°f3*-tauofg. line of a_ cos of »». sine oTg _ 

J cos of a* cos of a? "~ V e 

of 26. tan of $r—£ versed sine of 2 b. sine of 2 a) divided by l+(sine ofg&. tan 
of versed sine of 2 6) . sine of a. 

Corollary 1 . If 6 be small, tan of KPE, or KPE itself, is nearly=— 2 6. tan of 
q. cos of a. 

Corollary 2. If for the sake of brevity we put sine of 26=e, sine of a=g, 

wehavesineofPEsr^/l— sine of tf.TZe+*eV 1 g. sine ofq. cos of$-e*£*. cos off 4 1 
= n/ (*— g * g*— cos of g)' +e*+2 e 4 .i/l^c«T sine of q. cos of q^ ; sine of PI = 

J l- e »g*->. cos of 1 +e*+*e 4/ n70 . g. w . sine of g. cos ofpl - , , . 

— 2__ 2 F l ; put it equal to cos 

of (p— w), that is = cos of p. cos of w + sine of p. sine of tc ; therefore (1 — 
e* g"*— e 2 — cos of a»). (cos of p)« = sine of p. cos of p. sine of 2 tc + sine of j^x 
/• A ^ m \m e*/\— e*. g. n. sine of cos ofp r , . - _ 

(sine of to)* - 2_ v £. therefore when eov A of the 

prism is small, w= ** g s *n* e Q f p q nearly ; unless sine of p is small, of the same 
degree as e, or smaller. If sine of p=o, we shall have cos ofp=l, cos of q=n, 
and we should have l-e*g*-eS-cos oftt*=- e '+ 2e - Vi-**8*- ✓ w~ d 

n % 

sine of M?=nearly^"^5ZZ^^ 

Corollary 3. Drawing the great circle DI, let the arc DI be bisected in Q, 
and if about Q as a pole the plane of a great circle be conceived to be formed 
as a simple reflector, then will incident rays parallel to DC, falling on this re- 
flector, pass in the direction parallel to CI, that is parallel to the same line, as 
they do when at their incidence they are acted on by the compound prismatic 
reflector in question : and the said plane, or imaginary reflector, may be called 
the first apparent posterior plane of reflection: and if PQ be joined, the arc 
PQ will measure its inclination to the plane AHB ; and the angle QPB will 
represent the complement to a right angle of the angle which AC makes with 
section of the said apparent posterior plane of reflection, and the plane ARB ; 
for let CZ be the said intersection, cutting the circumference AHB in Z, and 
let the great circle PQ cut AHB in V, and draw the great circles QZ, PZ ; 
then as Q is the pole of the said apparent posterior plane, of which Z is a point 
in the circumference, QZ is a quadrant, and because P is the pole of AZBH 

PZ is a quadrant, and therefore Z is the pole of the great circle PQV ; 
- ZV is a quadrant, and AZ is /. the complement of BV, or of the I BPQ. 
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a a ■ ,«no-QI W ehavesineofDP.8ine.of BPQ=(siBeofDQ.6ineof 

2fT1 of DP<3 - - of DPI. *. of DPQ) ., ^ - - 

sine of DP , cot 0 f j)pi ; and sine of PQ — - ine 0 f DPQ ~ 

sinTofPI. sineofPPI ^ 

sine of * m^ofD sine of £ DI« sine of IP^ ueof IPB 

and consequently from cor. 3, cotangent of /. DPQ - 8ineo fDPI 
_ cot of W gine of „, . and if the angle of the prism or 6 be small, we shaU 
JT* £ 1, taUing small arcs for their sine, , IPB measurec ^byits arc * 
radius one =2 b .tan of q . cos of a nearly; and from cor. % w — 7^-^*7 
nearly • we therefore have, by neglecting all powers of b but the first, cot of 
, DPQ= .^4 i .sineof l0 =-cotofPI. 4 J^dividedhy 3 6.t M 

sine of usrL ■ . , i 

of a cos of « all powers of 6 but the first having been neglected, and 
. J ' tan of a. cos of g cot of pr _ _ !!?4± cot of PI=- 

this is evidenUy= w , 8ineof p cotoi ri tan of P 

tanofACR ^ of pI . or writing P D instead of PI its near value, we have 
cTo( 7DPQ=-tan of ACR nearly ; that is, R and Z will coincide nearly. 
And we are taught that if we wish to have the angle DPQ more accurately we 
mu st take in quantities beyond those which are small of the first order m the 

corollaries 1 and 2. , pnl 

Corollary 5. The angle of the prism being small, we have the angle vm 
small, and : • DP nearly=DQ, and PI nearly equal to QI ; and as DQ 
QI, we therefore have nearly DP=£DI=PI ; whence from corollary 3, sme 

sine of D PI '.sine of EPB = 

of PQ, or PQ itself, is nearly equal to gme 0 f DPQ. i. sine of DP. cos of DP 

tan of DP. sine of EPB «, npnr , v tan of DP. sine of EPB _ . cor ^ ne arly 

_^^ w _= cor. 3, nearly 2C osof« > 

f __ b. co s of p. smeof ^^ 

^^i. 26. tan of o. cos of a = 6 . cot of p . tan of q = ■ ^ne ofpT^oTof ? 
2 cos of a ' ■ 

b_™°_2!l that iSj this is nearly the value of PQ when the I of the prism is 

n. sine of p' 

^Corollary 6. Let MN be the plane of the instrument, cutting the anterior 
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surface of the reflector in M, and the apparent posterior plane of inflection 
ZN in N ; then considering* the tingle MCR given, which is the angle mea- 
sured on the anterior surface tof the prismatic refl'ectdr by the section of the 
instrument with it, and the common section of the two surfaces of the re- 
dactor: and the angle ZCR being determinable from proper date from cor. 3, 
MZ will be given ; and the Z MZN, also determinable frdin proper data from 
cor. 3, being considered given ; and the angle M, the inclination of the an- 
terior surface of the prism, with the plane of the instrument, being supposed 
given ; in the spherical triangle MZN, having the Z Z, ZM, and MZ, we 
shall have MNand ^N; that is, the angular distance of the line where the 
apparent posterior plane of projection cuts the plane of the instrument from the 
line where the anterior surface of the reflector cuts the plane of the instrument, 
and the angle the said posterior plane of reflection makes with the plane of the in- 
strument. And if the, Z of the two surfaces of the reflector be small; that is, if 
the two surfaces of the reflector be nearly parallel, then from cor. 5, pro- 
vided/* be not extremely small, the angle MZN= ^' ° f f ^ nearly: and con- 
sidering M nearly a right angle, we have MN=sine of MZ • j-j^ nearly 
= from cor. 4, sine of MR X nearly; in consequence of the near co- 

incidence of R and Z. Also cos of MNZ=sine of NMZ. sine of MZN X 
cos of MZ — cos of M X cos of MZN generally, will, if NMZ = 90°- s, and 
g and the Z MZN be both small, give 90°- MNZ = nearly MZN. cos of 

MZ - s, or MNZ = 90?- MZN . cos of MZ + 1 ; or putting for 

MZN, we have the angle MNZ ; or from cor. 4, in consequence of the near 
coincidence of Z and R, the angle MNR, which the apparent posterior plane 

makes with the plane of the instrument=90°-^^ . cos of MZ+g=90- 

n line of I ' cos of MR + 8 nearl y- In t,ie application of this problem and its 
corollaries to the horizon and index glasses when prismatic, tracing the ray 
backward^ from the eye to the object; with respect to the horizon-reflector, 
p will represent the angle made by the line of collimation of the telescope 
with the anterior surface of the said reflector, and will be constant, as will 
also be 6, q } n, MR and s. With respect to the index-reflector, if the pris- 
matic Z of it be supposed small, if the two reflectors be nearly perpendicular 
to the plane of the instrument, and the line of collimation of the telescope 

. v 3c2 
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nearly parallel to the same plane; then if K be put for the angle the line 
of collimation of the telescope makes with the horizon-reflector h, half the 
angle marked on the limb, that is half the nominal angle, which is the 
angle made by the two reflectors with each other; then isp=K— h nearly: 
and 6 and n will be constant; also., if the axis, about which the index re- 
flector moves, be nearly perpendicular to the plane of the instrument, MR and 
e will also be constant. 



( To be continued.) 




XXXIV. A Supplement to the Theory of Astronomical Instruments; being 
the Equation of the Reflecting Instrument. By Benjamin Gompertz, 
Esq. F.R.S 

Read December 12, 1823. 



LET A be the distance of the object from the eye ; Z the angle marked on 
the instrument, which is double the real angle ; K the angle the line of colli ma- 
tion makes with the horizon-glass, which is supposed to be a point in its sur- 
face ; B the distance of the centre about which the index-glass moves from 
the eye ; the angle formed by the line of collimation of the telescope with the 
line joining the centre about which the index-glass moves, and the point of the 
horizon-glass cut by the line of collimation of the telescope = H ; the distance 
of the centre about which the index-glass moves from the horizon-glass mea- 
sured by a line drawn from the said centre perpendicular to the horizon-glass 
= D : then if all things are correct as to position, the angle X subtended by 

B 

the real and reflected object at the eye = Z + the angle whose sine is (—X 

{sine of H + sine of (Z — H)} + 2-2-. cos of K) ; or putting M = B. sine 

of H + 2 D. cos of K, which will be constant in the same instrument, we shall 

have the true angle X = Z + the angle whose sine is M + B - sine of z — H . 

for the reason of which see Problem 1, Cor. 6, page 357. But if the reflec- 
tors are not perpendicular to the plane of the instrument and the line of col-, 
limation of the telescope not parallel to the said plane, then of the four angles 
about B made by the planes LBG and ABD (Supplement to fig. 5. Plate V.) 
let ABG = 90°— h represent the angle of the horizon-reflector ct V c makes 
with the plane of the instrument, on the same side of the said plane as the eye 
is situate, which I shall call the upper side, and reckoned to the aspect of the 
front of the reflector ; and let the angle BDF = 90°— I, which will be the 
angle which the index-reflector makes with the plane of the instrument on the 
same side of the plane of the instrument as the eye is situate, and having the 
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aspect of the front of the reflector ; I the I MCr the angle which the line of 
coflimation of the telescope makes with the plane of the instrument reckoned 
as tending upwards with respect to the instrument m its course from the ey 
to the horizon-reflector, I, h, and I being supposed extremely f m *' * He " ce 
we have the angle LBD = 90°- h, angle LDB=90°+I, and M* being KC, 
/. MCK= ^ CM<r=K ; Z'=2^ c'Oc which is the nominal angle of the limb, 
O oeins the intersection of cb and cb', and Z double the inclination of the 
planes of the reflectors to each other ; the inclination being reckoned of the 
same aspect as the angle c'Oc ; then will BD or angle BCD = 180-*Z, 

mr? W 17 p tangent of K ( .g^U cos of (90°+*U 

and GP = 180 — £ L. Fut g — sine of , m ^. £sine of K. J 

_ tan ofK , sine of I _ gine of ^ the gine 0 f t h e constant arc represented 
— cos of A x v s ineofK 

by KB, of the great circle passing through the line of colhmatton of the tele- 
scope which is perpendicular to the horizon-reflector, and the great circle which 
is parallel to the plane of the instrument, and which I take for the arc itself m 
consequence of its being very small, unless indeed K is near 90°. Then we 
have a of Cor. 3, Prob. 2, or cos of h. cos of I nearly = (1 - y) X (1— j ) - 
1 _ *1- nearly ; also b = cos of (90°- h) X cos of (90° + 1) =* - A- 1 
neariy. And from Cor. 3, Prob. 2, we have by writing 180°-i Z' for z and 
180°- § Z = z + to ; and therefore 180°- J Z = 180°- i-Z + u>, and also 
r, n , o„ y_y - 2 *• 1 + »' ± l% - cog of (180 ° " * Z) nearly Z' + 

Z = Z-2lO, Z = Z sineof(180»-*Z') , J 

8A.l + ft T +i ; rco9of^Z- feiling when z equal to o or 180° or nearly so; but 

sine of $ Z' ' ' ■ , 

when s = 180° then is Z'= o, consequently the expression foils when L-o 
or nearly so. When Z'=o, that is when . - 180°, Z or Z- 2«o is equal to 
twice the difference of LBD and LDB = ± (2 h + 2. I), in which that s,gn 
of the two ± is to be taken, which when h and I are interpreted by tneir 
proper values and signs, shall cause ± (2 A + 2.1) to have the same s.gn as 
the vanishing arc Z' has before it vanishes. 

Moreover from Cor. 5, Prob. 2, the inclination of the line of colhrnauon ot 

the telescope to the plane perpendicular to the two reflectors = (^^+ 
cotof*-g) X cosofK = (- ^^ + A.cotofiZ'+g) X cosnfK 
failing when sine of BD = o or nearly so ; in which cases the sine of the sa. 
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angle will be =^= ± cos of K. cos of g\ Therefore from Prob. 3, Cor. 2, gup- 
posing the object at an infinite distance,, we have X the angle subtended at the 
eye by the real, and reflected object, though 71 might be extremely small oro, 

- Z — ( sine of^ "z 7+A ' cot af Z '+ g)-«wof K*. tan of 4- 71 nearly, but failing 
when 71 is 180° o* nearly sp. Hence X is nearly = Z' + IIl1±S^±11^ { 1^ 

j sine of 4 Z' 

- ( sine of ^ + A * cot of t Z ' + ff) X cos of K * X tan of + Z'; except when 
Z = or 18(P, or very near those limits ; but when Z = o we shall have X 
= ± (2 A + 2 I) to be taken after h and I are properly interpreted of the same 
sign as the arc 71 was previously to its vanishing. To the general equation 
for the value of X above, the part due to the parallax of the instrument is to be 
added and w$ shall have as an approximation X=Z'+ *' k - l +(»+p*»*£E 

rr sine of £Z' 

- ( S i ne o fi. z: + h - cot of + Z ' + S )* X cos of K» x tan of + Z' + the arc 
whose sine to radius unity is (~| sine of * H + sine of (Z'— H)| + 

cos of K ) + the error of the arch. It is to be observed that I have written^ in the 
part due to the parallax, Z instead of 71 as an approximation : and thatg is = 

mm of I _ tangent of K tan of h ; that is when h is small g : sine of 1 



cos of h» cos of K. " ' 6 cos of K 

h. tan of K, provided Z is not nearly = oor 180°. 

Hitherto we have not considered the reflectors to be defective.; but if they 
be prismatic, as it will be the apparent planes of reflection which are to be con- 
sidered instead of the anterior surfaces of the reflectors, and therefore if Z", K 
and r be with respect to the apparent posterior planes of reflection what 71, h 
and I are with respect to the anterior surfaces of the reflectors, we shall have 

(-r-£*r+ h' cot of Z"+ g)t x 

■ sine of i Z" v sine of Z' ' 1 1 6 ' 

x nw, i. • • fM + Bsineof (Z"-H)l . - 
cos of K* X tangent of \ Z"+ arc whose sine is | J + G ; 

let this be called equation A ; where G stands for the index-error and M for 
B. sine of H + 2 D cos of K, a constant quantity : though indeed g and several 
of the other quantities which are retained here as they stood in the original 
equation belonging to the anterior surfaces, stand in need of small corrections ; 
still as it is but in approximations to quantities in themselves small that these 
quantities are concerned, it would be useless to embarrass the formula, with 
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the alterations ; for if absolute accuracy were required there would be other 
corrections heedful. 

Let a'tfb, adb (supplement to fig. 5) be planes parallel to the posterior 
surfaces of the horizon and index reflectors respectively, making the very small 
angles 6', b respectively with the anterior surfaces of the reflectors, which we 
will call the angles of the prisms, cutting the said anterior surfaces in d' 6', d b, 
which we will call the lines of the prisms ; and let the plane passing through the 
eye and parallel to the plane of the instrument cut the anterior surfaces of the 
horizon and index reflectors respectively in b'c, b c ; and the planes a'd!b \ 
adb respectively in a'b' y a b : let the angles dfb'c', d b c of this figure (which 
are the angle RCM of fig. 9), that is the angles which the prismatic lines re- 
spectively of the horizon-reflector and index-reflector, make with the plane of 
the instrument reckoned on the planes of the anterior surfaces of the reflectors, 
equal to t' and t respectively ; let the ratio of sines of incidence to the sine of 
refraction from the air into the matters of the horizon and index reflectors 
respectively be 1 : w', and 1 : : n ; and considering 90°— A, 90^— I to have 
represented the angles which the anterior surfaces of the horizon and index- 
reflectors make with the plane of the instrument on the side termed the upper 
side of that plane ; and having the aspect of the respective fronts of the reflec- 
tors, let 90°— A', 90°— I' be the angles which the apparent posterior surfaces 
of the horizon and index reflectors make with the plane of the instrument 
reckoned on the same side and aspects as the angles just named were taken ; 
that is let 90°— h and 90°— h' if we consider the horizon-reflector, or 90°- I 
and 90°— T if we consider the index-reflector, represent in fig. 9 the supple- 
ment of NMZ and MNZ. Let K be the inclination of the line of collimation 
of the telescope with the anterior surface of the horizon -reflector, Z double 
the inclination of the anterior surfaces of the two reflectors with each other. 
We have therefore from Corollary 6, Problem 5, 90°- I' = 180° - (90°- 

b. sine of the arc whose cosine i s n. cos of (K — \ Z) «. , TN , . #llAPA 

3i P eof(K-iZ) 1 — ■ cos of < + I) nearly, and there- 
fore I' = I — - 8me of the arc whose cosine is n. cos of (K — j Z) ^ ^ ^ 

n. sine of (K — Z) 

Also h' = h — &'. of the arc whose cos is n'. cos of K f ( , mi T = Z > + 

n f . sine of K ' 
O A sine of the arc whose cos is n. cos o f (R-iZ) . f , , 

n. sine of (K - ± Z) — * 8,ne 0t 1 + 

g v ^of^^wW^fa^eosofK 9 ; ne Qf fm , n making thege substitu- 
tions Z' may be written in the above formula for Z as an approximation. 
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When Z', which I here suppose not to be subject to index error, is an ex- 
tremely small quantity U, this will give = - 6. sine of thc arc whose c ™ is n ' cos of K 
rf ^ * ° n. sine of K 

COS of t, 

jl/ » b' sine of the arc whose cos is n'. cos of K. n , 
n'. sine of It COS of '« and 

Z"=U +26 sine of t s ' ne °* t ^ >e arc cosine is n. cos of K 

n. sine of K 

+ o J/ sine of the arc whose cosine is n\ cos of K i. L « 

a 6 . sine of * , « * ^ ; and therefore m 
it. sine oi Iv. 

this case if X become E we have E = U±(2I + 2A) — 

2, sine of the arc whose cos is n. cos of K v> / e . . e . v 
ft. jjjj^g X (cos of t - sine of l)- 

2 y. rine of Ae 'Y^eoTK 8 - C<M ° f K * ( co8 of *' ~ ri " e of *') + the arc 

whose sine is (— . cos of K) + G. For the sake of brevity put R for the 
vrhole of ther ight hand side of the equation except U, G the index error (Z' 
being now considered subject to index error) and the arc whose sine is -j- 

.cos of K ; and we shall have for extremely distant objects G = E — U — R. 
If the inclination K to the line perpendicular to the plane of the instrument of 
the apparent posterior plane of reflection of the horizon-glass which is a con- 
stant quantity, be considered the given angle instead of h, the whole effect of 
the prismatic form of the horizon-glass will appear to be destroyed, as it will 
be enveloped in the quantity taken for the index error. The expression is 
subject to particular cases of failure as above pointed out. A prismatic form 
of an horizon-glass produces an effect from the ray which is transmitted 
through it from the real object to the eye ; but the whole of this effect will also 
be contained in the quantity used for the index error. 

It is to be remarked, with respect to equation A, that as the deductions are 
from approximations, which did not retain higher powers of 6 and V than the 
first, in making the substitutions we should only retain the first powers of 
6 and 6', that we may not be misled by a mixed approximation with regard to 
the degree of accuracy which we attain ; and that if g, I, h 9 b and 6', are all 
quantities of the same degree of smallness, it would be proper also to leave 
out g«, I*, A*, 6* 6'* I. 6, &c, unless we push the approximation to terms 
containing 6 *, &c. inclusively : according to this, if R ' be put = ± 
(2 1 + 2 h) - 2 6 • sine of the arc whos * c ° 8 u cos of K x (cos of t - sine of t) - 

* ' ' sioe vjof K v 
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t sine of the arc whose cosine is n' cos df K CQg 6 f ^ ^ e s hall hate X cs Z' + » 

2b'.- n ' sine of K 

2 ft. sine of the arc whose cos is n. cos of (K *-£Z_') x gine 0 { t + E — U — R'+ 
it. s}ne of (K. — iZO 

. cM+B. sin^ofC^H)}, 
arc whose sine is \ — - ^ s 

But if 6 be of the same degree of smallnes, as l», 
to add to the right hand side of the equation the quantity ^rj, 

( I + A. cot of Z' + g> X cos of K*. tan of * Z*; in which I have 
j£S 'the introduction of 4 and IT, under the idea that M, 
rallerThanthe degree of approximation requires us to retain, g be,ng a**- 
ciently nearly = - h. tan of K; h and I being respectively the in- 

clinationofthe anterior surfaces of the horizon and index Sector f«>m J 
perpendicular to the plane of the instrument, 

L both of the same sign when the inchnahons are on d.ffe red t Sides ^ l*» 

perpendicular to the plane of the instrument, I also a small angk 

L inclination of the line of collation of the telescope to the plane 

instrument and is positive when reckoning from the eye towards the homan 

CTuends upwards with respect to the side of the plane of the mstrurnen 

£hw^ 

of collimation of the telescope to the horizon-glass, reckoned of the asp ecT 
the zero of the division of the limbe.-Note ; J"^^^"?. 
called Z', being here supposed subject to the index error G, that is Hj 
if this should be a large quantity, it ought to be added to the value o Z „ the 
functions which are added to II, to get the 

nient be subject to eccentricity, the error caused by it should also be ta 

into consideration. , ^Urovered 

In tracing the ray backwards from the eye to the object, we 
the position of the apparent posterior planes of reflection, approx.mat.vely ,b 
should that not be sufficient, we may proceed thus rmresentc d in 

Considering the horizon reflector AM of fig. 9, is what is represent 
fisure 5 by KB, and having RCM, fig. 9, the angle made by the prism** ^ 
S the section of the anterior surface with the plane oM he^tru^ 

~~~ 2 b sine of the arc whose cosine is w. cos of (K. sine 0 tt } H\s wfcen 

* The part Ji. sine of (K— y Z') i' 

K £ Z' is extremely small.— (See cor. % prob. 5.) 
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have Z ACR ; : . Cor. 3, prob. 5, we have the angle DPQ ; and therefore as 
AZ is there proved to be the complement of BPQ to a right angle, and there- 
fore =90°- (lS(f^kPQ)=APQ"9(f it is given; therefore we have 
MZ, we have also Z MZN (=PQ) and the angle M ; thence we have MN, 
and because in the spherical triangle DAZ, (see supplement to fig. 9, the great 
circle DZ being drawn,) right angled at A, we have DA and AZ, we have DZ 
and the Z DZA, and having AZN we have DZN ; hence if the great circle 
DU be drawn perpendicular to NZU, having DZ and DZt], we have DU, 
the inclination of the incident ray to the apparent posterior p ane, and this is 
also the inclination of the (really emergent ray but) apparent reflected ray 
with that plane. Now let every thing be in supplement to figure 5, as origi- 
nally directed, except that LBK is here to be considered the apparent posterior 
plane of reflection of the horizon-glass, and CM being the ray passing through 
the eye, incident on the plane || KBL, if in the great circle KM, we take 
KM'= 180°— KM, then CM' is parallel to ray, apparently reflected from the 
posterior apparent plane of reflection of the horizon-glass, and incident on the 
plane parallel to PDL ; draw the great circle MT perpendicularly to LDT, 
then will MT be the inclination of that ray, incident on the anterior surface 
of the index-glass ; and TD will be the distance of the plane perpendicular to 
the index-glass, which passes through the portion of the ray lying between 
the horizon-glass and index-glass, from the intersection of the index-glass 
with the plane of the instrument. M' T, D here if referred to the figure 9, 
in the case of the ray being traced back from the eye to the index-glass, will 
be represented in that figure by the letters D, A, M. But continuing with the 
supplement of figure 5, draw the great circle M'L ; then since we have M'K, 
and KL (= KB + BL), and MKL a right angle, we have M'L and the 
Z M'LK ; but we have BLD, therefore we have M'LD ; : • having M'L, and 
MTL being a right angle, we have M'T, the, inclination of the ray to the an- 
terior surface of the index-glass and TL, therefore we have also TD ; hence 
may the position of the apparent posterior plane of reflection of the index- 
glass be found. 
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XXXV. On the Mercurial Compensation Pendulum. 
% Francis Baily, Esq. F.R.S. and L.JS. 

Read May 9, and June 13, 1823. 



1. It is now above a hundred years since Mr. Graham first suggested 
the method of compensating the expansion and contraction of the pendulum 
rod, by means of a cylindrical vessel filled with quicksilver, which at the same 
time served as a bob to the pendulum. The idea was certainly an ingenious 
one ; and has the merit of being the first which was proposed to counteract 
the effect of heat and cold on this invaluable instrument. It appears after- 
wards to have been laid aside for some time, and to have given way to various 
other methods which were subsequently proposed and put in practice: but, of 
late years, it has been revived, and is now in very general use, at least in this 
country. The simplicity of its construction, and its very easy adjustment, are 
much in favour of its adoption : but I much doubt whether a correct know- 
ledge on these points is generally diffused amongst those persons who are 
actually employed in the formation of the instrument. And since nothing 
probably tends so much to the perfection of works of art as a general diffusion 
of the knowledge of the principles on which such works are constructed, I 
shall proceed to lay before the Society a few remarks which I have drawn up 
on this subject : avoiding, as much as possible, all allusion to those abstruse 
parts which will be found so ably treated by other writers, but which would 
only tend to confuse the practical mechanic. 

2. It is well known that the oscillations of a pendulum, in any given period, 
are so sensibly affected by the occasional variations in the temperature of the 
atmosphere, that an intimate knowledge of the thermometrical expansion of the 
substances of which it is composed becomes absolutely necessary to its perfect 
construction. But, although many philosophers have paid considerable atten- 
tion to this subject, and made several accurate experiments thereon, there is 
still a great discordance in many of the results; arising partly from the dif- 
ferent modes of conducting the experiments, and partly from the various 
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quality of the substances under investigation. For, if we take the metals for 
Lance, we shall find that bars differ in their expansion fromwes: and bars 
themselves will also differ from each other, according as they have been 
^ToZst, or subjected to some other process. In JJ* the metal fro. 
one manufactory will not always agree, as to its expan.tb.hty, with a sim.br 
metal from another manufactory; although, to outward appearance, there 
may be no visible distinction of such quality. 

3 Under these circumstances it would seem absolutely necessary that we 
should ascertain, in all cases, the exact expansibility of the very substance em- 
nloved : and, in truth, this is the only correct mode of proceeding. But, as 
such a process is, at all times, troublesome, and, in moat cases, not easriy 
practicable, we must (I fear) content ourselves with the results that have been 
obtained by those who have had leisure and a convenient apparatus for such 
investigations. It fortunately happens, however, that the differences in the 
results are not very great, and that the mtio of expansion between two pe- 
tals, as determined by different operators, does not vary much: so that the 
artist is seldom at a loss as to the general construction of the pendulum ; leaving 
the minute adjustment of it to a more severe trial after the instrument » 

M 4 P The great density and expansibility of mercury render it peculiarly fit, 
not only as a weight for the rod of the pendulum, but also as a means of coun, 
teracting the expansion of the rod itself. It therefore becomes an interesting, 
object of inquiry, how far we can depend on the experiments which have, 
from time to time, been made to ascertain its eorrect expansion. Untortu, 
nately the experiments on this substance differ more from each other than 
those on any of the other metals : a difference probably arising partly from a 
difference in the quality of.the metal itself, and partly from the various mode, 
in which the experiment* have been conducted. As those experiments were 
instituted for various purposes, (some of which have no connexion with the 
present subject,) and, although correct in principle as applicable : thereto, ye* 
may lead to false or erroneous conclusions on this subject, I trust I shall note 
encroaching too much on the time and attention of the Society if I take a 
general view of the modes in which they have been conducted. 

5. Of all the experiments which have been made on the expansion of W«- 
cury, those of MM. Ddmwg and Punt, inserted in the eleventh volumeoftte 
Journal de I'EcoU Polytechnique, appear to me to lay claim to the greatest 
credit. The paper is entitled Bteckenhes sur la misure des temperatures, 
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$ut tes lots de U communication de la chcdeur : and it obtained the prize de- 
creed in a public sitting of the Royal Academy of Sciences at Paris, on the 
16th of Match, 1818. Their method is founded on the well-known principle 
of hydrostatics ; that, when two liquid columns communicate with each other 
by means of a lateral tube, the vertical heights of their surfaces are exactly in 
the inverse ratio of their densities. If therefore we can, by any means, mea- 
sure exactly the heights of two columns of mercury contained in the legs of an 
inverted syphon of glass, (one of those legs being surrounded with ice, whilst 
the other is submitted to a known degree of temperature,) we may easily , de- 
duce the required expansion. In fact, if A and A' denote the vertical heights 
of the two columns, producing equal pressure at the temperatures t and t, then, 
by Calling d and d the corresponding densities, we shall have hd as K& . But 
dand d are in the inverse ratio of the volumes v and t>', which are occupied 
by the same mass of liquid in raising it successively to the temperatures t and t; 

whence we have i/=s v ~ : and lastly for the mean co-efficient of the 

expansion between t and t. The whole process therefore is reduced to the 
correct measure of the temperatures, and of the heights of the columns : and 
it was in this manner that MM. Dulong and Petit proceeded. The deter- 
mination of the temperature presented no difficulty; and the difference in the 
heights of the two columns was determined by a peculiar microscopic appa- 
ratus, which is minutely detailed in the paper here alluded to. It is almost 
needless to remark, that, by this method they obtained the absolute expansion 
of the liquid ; since neither the fotfm of the vessel, nor its expansion, had any 
influence on the pressure of the liquid contained in it. 

6. The absolute expansion of mercury being thus obtained, we may easily 
deduce its apparent expansion ; since we have only to subtract the cubical 
expansion of the vessel containing the mercury, which may in all cases be 
assumed equal to three times the linear expansion of the same substance. For, 
the linear expansion of a body (represented by unity) at a given temperature, 
being denoted by e, its total length at that temperature will be (1+e) ; and its 
cubical expansion will be (1+e) 8 : which, since e is always very small, may, in 
all cases, be assumed equal to (1+3 e). But, in experiments on the mercurial 
compensation pendulum, it is neither the absolute nor the apparent expansion 
of mercury which is required, but an intermediate quantity, which, for the 
sake of a convenient term of reference, I shall call the relative vertical expan- 
sion; a quantity depending on the expansibility of the vessel in which it is 
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contained, and which is found by deducting twice the linear expansion of the 
containing vessel from the absolute expansion of the mercury. Thus, if the 
linear expansion of the containing vessel be denoted by v, and the absolute 
expansion of mercury by m, then will (m — 2 v) express the relative vertical 
expansion of the mercury. It is a variation in the height only of the mercury 
in the vessel, which affects its compensating power : and it is evident that the 
variation in the height, caused by an alteration of temperature, is correctly 
found by this method. 

7. I shall next advert to the experiments of MM. Lavoisier and Laplace, 
which have not yet (as I believe) been detailed in any publication ; but the 
result of them has been given by M. Biot, in his Trait6 de Physique, and in 
his Prieis elementaire de Physique. The value given in the former work is 
erroneous, but is corrected in the latter : and MM. Dulong and Petit state 
that the error arose from a mistake in the calculations, the true value of the 

absolute expansion of mercury having been j^g- of its bulk for 180° of Fah- 
renheit's thermometer, instead of MM. Dulong and Petit add, that 

even this value was still considered too great by MM. Lavoisier and Laplace; 
as they had neglected to boil the mercury. So that the experiments of these 
four philosophers approximate nearer than the annexed table, to which 1 shall 
presently allude, seems to indicate. 

8. The Committee of the Royal Society (appointed in 1777) assumed the 

expansion of mercury to be j^qq of its bulk for every degree of Fahrenheit's 

thermometer ; but no allusion is made to the experiments on which this as- 
sumption is founded, neither do they state whether the absolute or apparent 
expansion is intended. 

9. The experiment alluded to by Mr. Gavin Lowe, in his paper " On the 
compensation mercurial pendulum/' inserted in the Philosophical Magazine 
for August 1819, evidently refers to the apparent expansion of mercury ; and 
which, therefore, requires a correction, as I have already mentioned. 

10. The experiments of Mr. Cav allo, inserted in the Philosophical Trans- 
actions for 1781, were made with thermometer tubes, and do not appear to 
have been conducted with that degree of nicety which is so necessary in all 
experiments relative to the pendulum. 

1 1. Sir George Shuckburgh, so well known for his philosophical researches, 
made his experiments with a tube, somewhat like a thermometer, but con- 
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siderably larger than the common size, and open at one end. It was filled 
with mercury to a certain height, and then exposed to the temperatures of 
freezing and boiling repeatedly : the difference of the volume in each instance 
was afterwards determined by accurately weighing the contents. 

12. MM. Deluc, Casbois, and General Roy, made their experiments, on 
the expansion of mercury, with barometers. But this method, however correct 
it may be for the purposes of barometrical measurements, is totally inapplicable 
to experiments with the pendulum. It may be proper also to remark that 
General Roy found that the rate of expansion of a column of mercury^ in a 
barometer of the ordinary kind, varied with the degree of temperature ap- 
plied : but, from the experiments of MM. Dulong and Petit, it does not 
appear that this circumstance takes place below the temperature of boiling 
water, when the vessel is not hermetically sealed. Consequently, we may, in 
all cases connected with the pendulum, consider the rate of expansion as uni- 
form. General Roy's experiments are detailed in the Philosophical Trans- 
actions for 1777, and are divided into three distinct sets, which differ a little 
from each other. Those of M. Deluc are also to be found in the same 
volume, corrected by General Roy ; they are likewise quoted by MM. Dulong 
and Petit. The results, however, as given by these respective authors, ap- 
pear to differ from each other. 

13. The result of the experiments of MM. Lalande, Delisle, Hallstroem, 
and Dalton, is given by MM. Dulong and Petit; and of MM. Cotte, Lich- 
tenberg, Achard, Hallstroem, and Rosenthall, by Dr. Young in his Lee- 
tures on Natural and Experimental Philosophy. As I have not seen the detail 
of those experiments, I do not know what degree of confidence can be placed 
in their results. There is one point, however, on which all these experimen- 
talists appear to be silent, but which it would nevertheless be important to 
know: namely, whether any of them performed their experiments on diffe- 
rent kinds of mercury. And, till this has been decided, we may fairly pre- 
sume that part of the difference in the results may have arisen (as in other sub- 
stances) from a diffrence in the quality of the metal. 

14. Having thus enumerated the principal experiments that have been made 
on the expansion of mercury, I shall proceed to an examination of those which 
have been made, by various persons, on those substances of which the rod of 
the pendulum may be composed. Of all these substances, that of wood ap- 
pears to be the least expansible; but, it is unfortunately so liable to be af- 
fected by the moisture of the atmosphere, that, notwithstanding we coat it with 
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varnish, or sealing wax, or paint, or gilding, or even bake it, and impregnate 
Twith oil, it has feldom been found sufficiently accurate for the refined pur- 
poses of the modern astronomer. I would not, however, wish to 
any attempts to render this substance more fit for general use Fitted up 
wUhaleaL bob (in the manner which I shall hereafter descr.be), it forms 
The cheapest pendulum that I know of : and, if placed in a room where there 
i, an- uniformity in the atmosphere, it might answer every useful . purpose for 
an economical observatory. At all events, it would form an excefien app n- 
dage and improvement to the common household clock and would be in ^ 
perior to and much cheaper than the usual and absurd mode of hangmg a 
leaden bob to the end of an jron wire. 

15 The next least expansible substance is that of glass ; which (from the 
table to which I shall presently allude) will be found to drffcr in it. expansi- 
bility, not only according to the materials of which ,t is composed, butak, 
according to the form into which it is manufactured : v,z. as to rods, or tubes 
or plates It is however of so brittle a nature that there is always some risk 
in using it for the rod of the pendulum ; although it is the substanccnow 
generally adopted for containing the mercury in the bob. An accurate know- 
ledee therefore, of its true rate of expansion is very desirable in all inquiries 
of this nature. The authorities on which I have relied, in these cases, are 
those of General Roy and Mr. Smeaton in England, and of MM. Layoisieb 
and Lapiace, and MM. Dulong and Petit in Prance. The experiment not 
the former were conducted in a manner similar to their *W™?*»<> n ™ 
expansion of metals, to which I shall presently refer : but those of MMJUu- 
long and Petit were conducted in a manner peculiarly their own. iney, 
in fact, proposed to obtain the expansion of glass and other bodies by deter- 
mining the difference between the expansion of mercury and those bodies, 
for that difference is nothing more than the apparent expansion of the mercury 
in a vessel made of such substance. Although this species of expansion baa 
already been the object of a great number of experiments, yet MM. 
and Petit thought proper to make it the subject of their own experiment 
With this view they made use of a tube of glass about two feet long, ana co 
tabling about two pounds (troy weight) of mercury. This tube was closed » 
one end, and terminated at the other in a capillary bore, the capacity ot wo* 
was an insignificant fraction of the whole tube. The whole apparatus beij5 
filled with mercury, and rendered free from air and humidity by *F* 
boiling, they determined the weight of mercury which escaped w 
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the temperature of it was raised from the freezing to the boiling point. 
They remark that the accuracy of this process may be imagined when we re- 
collect that that portion of the tube, which does not partake of the ebullition, is 
insensible; and that the position of the tube (being horizontal) enables the 
operator to apply the correction depending on the barometric pressure. The 
experiments were repeated five times on different tubes, with nearly the same 
results : and (which is remarkable) they state that they did not find any differ- 
ence in the tubes of common glass taken from different manufactories, what- 
ever was their diameter or thickness. 

16. Of the various metals, I shall confine my remarks to those which are 
likely to be employed on such occasions ; commencing with platina the least 
expansible of the solid metals, and terminating with zinc the most expansible 
of them all. I am not aware of more than three sets of experiments having 
been made on the expansibility of platina : those recorded by Mr. Brande, in 
his System of Chemistry, appear to be a mean between those of the French 
philosophers. The experiments on iron, steel and brass, have been numerous, 
both in this country and on the continent ; and the results have been as various 
as the experiments. Still, however; those results are confined within certain 
limits ; which may be yet further reduced, or modified, on a more strict exami- 
nation of the mode in which the respective experiments have been conducted. 
Much, indeed, depends upon this : for, the method of determining the expan- 
sion of bodies may be pursued in various ways, which will be entitled to more 
or less credit, according to the perfection of the apparatus, and the skill of 
the operator. The pyrometer of Musschenbroek, the first experimentalist in 
this way (in the order of time), is not to be compared with that of Mr. Smea- 
ton or of General Roy : nor are the experiments of Cavallo to be placed in 
competition with those of Sir George Shuckburgh. , 

17. Mr. Smeaton's experiments were made with a pyrometer which is 
described in the Philosophical Transactions for 1754. The measures taken 
by this instrument were determined by the contact of a piece of metal with the 
point of a micrometer screw. It was conceived that the accuracy of the ob- 
servation could be better determined by the hearing, than by the sight or 
feeling : and Mr. Smeaton found by trial that it was practicable to repeat the 
same measurement several times without differing H no of an inch. 

18. General Roy's observations were made with a pyrometer of Mr. Rams- 
den's construction, as described in the Philosophical Transactions for 1785 
and also in the Account of the Trigonometrical Surrey. The measures were 
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determined by sight, with the assistance of a micrometer microscope which 
could be read off to 00014 of an inch. It will be seen, by the table inserted 
at the end of this paper, that the rates of expansion, as determined by General 
Roy, are generally less than those determined by Mr. Smeaton. There is not 
however much difference in the results : and they agree more nearly than we 
might previously have supposed from two such opposite modes of obtaining the 
measures. 

19. The experiments of MM. Dulong and Petit on platina, iron and 
brass were conducted in a manner somewhat similar to that to which I have 
already alluded. In order to obtain the expansion of these* metals, they took a 
tube of glass about -fo of an inch diameter, and two feet long, closed at one 
end. They then introduced a small cylindrical rod of the metal under expe- 
riment, which was secured in the middle of the tube by meansr of four trans- 
verse pieces, of a length equal to the diameter of the tube. After having 
joined, to the open end of this tube, another tube with a capillary bore, the 
whole was filled with mercury ; which they repeatedly boiled in order to free 
it from air and humidity. By exposing it to different temperatures, and deter- 
mining the weight of the mercury which escaped, they could easily deduce the 
expansion of the metal : for, the quantity which escaped evidently represented 
the sum of the expansion of the mercury and the metal, diminished by the ex- 
pansion of the glass. In order to make this calculation, however, it is neces- 
sary to know the volume of the bodies at the freezing point: but that 
of the metal is obtained by its weight and density at that point ; and in the 
same manner may be deduced the requisite deductions for the glass and mer- 
cury at the same temperature. Care was taken, in these experiments, to pre- 
vent the action of the mercury on the metals. The cubical expansion of the 
metals being obtained by this process, the linear expansion was deduced by 
taking £ of the same, as already alluded to. 

20. In the experiments of MM. Lavoisier and Laplace, the metal rod 
was placed in the usual way in the trough of the pyrometer ; but the end of it 
operated oh a lever attached to a telescope, which pointed to a wall at a consi- 
derable distance, on which the degrees of expansion were marked on a large 
scale. A description and drawing of the apparatus are given by M. Biot in 
his TraiU de Physique. 

21. In the third volume of the Base du Systhme Metrique, page 469, it is 
stated that M. Borda and the Committee of Weights and Measures made a 
number of accurate experiments on the expansion of platina, iron and brass ; 
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the result of which I have inserted in the table at the end of this paper : but 
no account is given of the manner in which those experiments were conducted, 
nor of the apparatus employed. 

22. The experiments of Captain Kater on the expansion of brass were 
made on bars placed in a trough filled with water, the temperature of which 
was varied at pleasure. The quantity of expansion was determined by mi- 
croscopes ; in the manner stated in his excellent paper on the Pendulum in the 
Philosophical Transactions for 1818. The expansion assumed by Captain 
Sabine does not appear to be the result of his own experiments*. There is 
evidently a typographical error in placing the decimal point in the value given 
by him in the Philosophical Transactions for 1821, which I have corrected in 
the table subjoined to this paper. 

23. In the ninth volume of Mr. Nicholson's Journal, are stated the results 
of some very accurate experiments made by the celebrated Mr. Troughton. 
The detail of those experiments is not given ; but, whatever comes from so 
excellent a source, is entitled to the highest credit, and will be duly appreciated. 

24. Mr. Hasslar's experiments on iron and brass were conducted on a large 
scale; the bars being upwards of tw enty-six feet long, and intended as measures 
to be used in a national survey of the coast of the United States of America. 
A wooden box (of a sufficient size and length to contain the bars freely) was 
placed vertically against the north wall of a house, but at a little distance from 
it. The bottoms of the bars rested on a metal plate attached to the wall, and 
the tops abutted against the end of two levers, each connected with a fine level 
attached also to the wall. These levels were furnished by Mr. Troughton. 
The bottom of the box or tube was connected, by means of a lateral tube, with 
the top of a boiler ; and, by passing steam through it, the temperature of the 
bars, throughout their whole length, could be raised to the boiling point. 
The index, connected with the levels, being then noted, the whole was left to 
cool till it came to the freezing point (advantage being taken of the season, in 
conducting these experiments) ; when the index was again noticed, and the 
required rate of expansion deduced. An account of the apparatus employed, 
and a detail of the experiments, are given in the Transactions of the American 
Philosophical Society, vol. 1. of the new series. In the table annexed to this 



* I have since been informed that this intelligent and enterprising officer proposes to deduce it 
from the variation in the number of vibrations of the very pendulum which was used by him. In 
fact, the pendulum itself is the best pyrometer that can be adopted in these cases. 
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paper, I have taken the mean of two sets of experiments. If Mr. Hasslah's 
apparatus were reduced to a smaller scale, it would form an excellent pyrometer 
for ordinary purposes. 

25. I have inserted the result of M. Musschenbroek's experiments, more to 
show what degree of accuracy may be obtained with a very clumsy apparatus, 
than with a view of producing it as an authority. Those who are desirous of 
examining more in detail the subject of his experiments, may consult Desagu- 
liers's Course of Experimental Philosophy, vol. 1, page 439, where they will 
find a description of the instrument employed : which, I believe, was the first 
that was constructed for such purposes. 

26. Notwithstanding all that had been thus done on the subject of expansion, 
M. Berthoud (so well known for his various publications on horology) made 
a number of experiments on the expansion of various substances, for the ex- 
press purpose of determining with what degree of accuracy they might be 
employed in the construction of pendulums. For this purpose he made use of 
a pyrometer, still differently formed from those of preceding writers ; a descrip- 
tion of which is given in his Histoire de la misure du temps par les korbges: 
vol. 1. The most important part of it consisted of a large slab of marble, 5 
feet long, 1 foot wide and 5 inches thick, placed in a vertical position in a 
case, which contained likewise the materials on which the experiments 
were to be made : two stout brass pillars were fastened into this slab ; one at 
the top, to which the pendulum, or any other body, was attached ; and the 
other at the bottom, to which a graduated arch of 10 inches diameter was 
fastened. By means of a lever annexed to the index of this arch, from the 
bottom of the rod under experiment, the degree of expansion was determined 
in the following manner. " Rods of various metals were procured, each 461 
cc lines long, 5 lines broad and 8 lines thick. Each rod was previously put 
" into a leaden tube, filled with ice ; and afterwards placed in the case of the 
" pyrometer ; heat was then applied till Reaumur's thermometer stood steadily 
" at 27°. The result of the experiments is given in the following table : 



Soft steel 69 

Steel hammered cold . • 74 

Spring tempered steel • . 77 

Soft iron 75 

Hardened iron 78 

Copper , 107 

Brass 121 



Tin 160 

Lead 193 

Glass 62 

Silver 119 

Softened gold 82 

Hard gold wire 94 

Mercury 1235 
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" The above quantities are expressed in 360ths of a line. Thus, soft steel 

<c gave for the absolute quantity of its expansion of a line, in passing from 

" the freezing point to 27° of Reaumur's thermometer : and thus of the 
"rest." 

27. I have preferred giving M. Berthoud's own explanation of these quan- 
tities, because the results differ very materially from those of every preceding 
writer. He has not stated how he obtained the expansion of mercury. A 
variation of 27° in Reaumur's thermometer is equal to a variation of 60°-75 in 

Fahrenheit's thermometer : therefore ■ 4 61X 3 6 o x6 o.75 = 000000099186 
will be the constant quantity by which each of the above values must be mul- 
tiplied in order to reduce them to the rate of expansion according to Fahren- 
heit's thermometer. The table at the end will show how much these values 
exceed those of every other experimentalist, except it be perhaps those of 

MUSSCHENBROEK. 

28. In order to show at one view the results of the experiments of all the 
authors alluded to in the preceding pages, as well as of some others which I 
have collected, on the expansion of various substances used in the construction 
of pendulums, I have drawn up the table inserted at the end of this paper. 
The substances are arranged in the order of their expansion ; and opposite to 
each is placed the expansion of the body (considered as unity) for every 1° of 
Fahrenheit's thermometer. By this method, a constant and easy reference 
may be at any time obtained, relative to those points : and such comparisons 
made, as may be required. 

29. Having thus determined the expansion of various substances, as accu- 
rately as our present means of information will enable us, I shall endeavour to 
show the practical application of this inquiry in the construction of the mer- 
curial pendulum beating seconds. This pendulum, as usually made by the 
artist, is composed of a cylindrical glass vessel, of about 2 inches diameter and 
7 inches long, filled nearly to the top with mercury, and standing in a steel 
stirrup, which is annexed to a rod of the same material ; to the upper end of 
which is fitted a spring, on which its vibrations are formed. The parts of this 
pendulum are minutely described by Mr. Gavin Lowe in the Philosophical 
Magazine for August 1819 : and I believe that that description has furnished 
the model for most of the mercurial pendulums now in use. It is however 
liable to some objections, and capable of some improvements, to which I shall 
allude in the sequel. At present I shall confine myself to the principles on 
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which it is constructed : whereby the practical philosopher may extend the 
application to other forms of the same pendulum ; and to other substances, 
of which the component parts may consist. 

30. It is well known that, if the temperature of the atmosphere remained 
the same, the oscillations of a pendulum, vibrating in small arcs of equal mag- 
nitude, (as all those attached to our modern clocks are made to do,) would also 
be uniformly the same, and no correction would be required. But, since this 
is never the case in reality, and the rod of the pendulum becomes longer in 
warm weather, and shorter in cold, thereby affecting very sensibly its oscilla- 
tions in any given period, it becomes necessary to counteract this variation in 
its length, in order that the centre of oscillation may always remain at the 
same given distance from the point of suspension. The whole theory there- 
fore of the compensation pendulum depends on an accurate knowledge of the 
ratio of expansion in the different substances of which it is composed. But, 
before this can be practically applied, it becomes necessary to advert to a few 
of the well known principles in mechanics, connected with the centre of oscil- 
lation. 

31. It is obvious to every one, acquainted with those principles, that, if a 
cylinder AHDE (Plate VI. fig. 1.) be suspended by any diameter AH of its 
upper circle, on which it is caused to vibrate, the centre of oscillation 0 will 
be distant from P two thirds of the length of the cylinder FB, added to* 
small quantity depending on the radius of the cylinder. This minute addi- 
tional quantity may be wholly neglected in the subsequent investigations, as 
we shall treat only of the comparative results of compound pendulums, and not 
of the absolute length of the simple pendulum. 

32. If the same cylinder be suspended from S, by a line SP void of weight, 
and be made to vibrate on S, the centre of oscillation O will, in this case, be 

distant from S by the quantity * SG) * (FG) * ; where G is the centre of gra- 
vity of the cylinder ; corresponding with C the centre of the cylinder. It 
should however be particularly observed that this result is obtained on the 
supposition that the line SP is void of gravity ; which, in practice, can never 
be the case. Since therefore the rod or line, by which the cylinder is sus- 
pended, will always be of a sensible weight, the above formula will not express 
the true distance of the centre of oscillation from the point of suspension : but 
it may be determined in the following manner. 

33. Let SADPEHB (fig. 2.) be a compound pendulum vibrating about 
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the axis at S. Let g- and o denote, the distances, from the point of suspension 
S, of the centre of gravity and of the centre of oscillation respectively of the 
rod or line SF, considered as a simple pendulum and vibrating independently 
of the lower part : and let w be the weight of this rod. Further, let g', o\ and 
tv represent similar quantities in the- lower part, or cylinder AHED, con- 
sidered also as a simple pendulum suspended from S by a line void of weight, 
and vibrating thereon, independently of the upper part, or rod. Lastly, let 
g" and o" denote corresponding quantities in the compound pendulum 
SADFEHB. 

Now, since ogw is the sum of the product of each particle of the rod SF, 
multiplied by the square of its distance from the axis of suspension : and 
since o'gw' is in like manner the sum of the product of each particle of the 
cylinder AHED, multiplied by the square of its distance from the axis of sus- 
pension : and since the distance of the centre of gravity of the compound 

body, from the axis of suspension is g" = Z^^t ; it follows that in the 

compound pendulum the distance of the centre of oscillation from the axis of 



suspension, will be o"— g + = ^ : and this is the length of 

gw 

the equivalent isochronous simple pendulum*. 

34. But it will be more convenient, in the subsequent investigations, to as- 
sume the weight of the bob as a given multiple ( = m) of the weight of the 

rod SF : that is, to assume m w = w'\ whence we have m = — . Moreover, 

ZD 

if we make the whole length of the rod, or line SF, equal to r, and the length 
of the bob BF equal to 6, we shall have g = and g'=r — ^; conse- 
quently |^ = 1LZL?: whence 



o + o' m — 



0 = 



2r— b 
1 + m — — 
r 



(A) 



*See Huygena's Horologium Oscillatorium, Part iv. Prop. 5 ; and all the subsequent authors 
on this subject. 
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35 Now, we have already seen, by § 31, that o =^ ; and, by § 32, that 



2r(r-6)+ — 6 § 
0 — — 6 



consequently we have 

(s+— V 2 - 3 6r + 6 f 



But the length of the simple pendulum beating seconds is always a deter- 
minate quantity, and may be denoted by p* : whence we have 

V + m ) (B) 



36. Since the rod and the bob (or r and 6) are subject to expansion and 
contraction, according to the temperature of the atmosphere, it is evident 
that this expression will not, in all cases, denote the true value of j>, unless 
those bodies are of a proper length to compensate each other. The method 
of determining those lengths, according to the substances employed, will be 
as follows. Let the linear expansion of the substance, which forms the rod, 
be denoted by g ; and the relative vertical expansion of the substance wnicft 
forms the bob, by |3: and let / and 6' respectively denote what r and 
become after expansion. Then, for any given difference, t, in the tempera- 
ture, (< being equal to the number of degrees of variation in the J he ™°™ et ^ 
caused by such difference,) we shall have r'= r(l+tg) and 6'= 6(1+W.- 
and, by omitting the powers of g and (3, as too small to be of any value/ we 
shall have (/)« = r* + 2r* tg, (b')*=b* + 2 ft» tf3, and r' b'=rb + r*(rWjj 
Whence by substituting these values in the formula above given, we sMUi 
have p, after expansion, equal to 



• The seconds pendulum is usually adjusted either to mean solar time, or to ,idereal ^ { 
the length of the simple synchronous pendulum vibrating, in the open air, 86400 secon 
mean solar time in a day, is, in this latitude, 39-133 inches: and the length of a sim at 
dulum, vibrating 86400 seconds of sidereal time in a day, is 38-919 inches. 1 sbali were 
in the subsequent pages assume 39 inches as an approximation that will suit each case. 
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p'=ix- — 

3 (.•*£)'-* 

And since p and p' should, under all temperatures, be equal to each other, we 
have p — p' = 0. 

If for the sake of brevity and convenience we put 

A = (s+^) r« — 3 br + 6* 

B = ( 2+ JL) r _ 0 

A' = (6+ J) r* g - 3 br (g + |3) + 2 b* |3 

B '=( 2 +D r e-*P 

we shall have j> = yXj and i>'=J- X g-^-; consequently p-p' = 

4 — 4jt:ot!=0 : whence BA'— B'A = 0. Therefore 

+ [( 2+ I) r - 6] x [(6+1) i*f-8*r(f + j3)+***^] 
- [(2+1) f» - * j8] x [(3+i) r* - 3 6r + *] _ 0. 



Let us make 



JL & 



then, by assuming — = we shall obtain 



+ [(^i)--]x[(«+l)*-3(* + D- + ^ 2 ] 

which may be ultimately reduced to a cubic equation of the following 



form : 



[(4 + *-)+0-> ] *'+ [<«£>+<»+ >*] * -< 2+ =K«s)" 

37. This equation for x (=-^) depends only on the ratio of the weight 
of the rod to that of the bob, and on the ratio of the expansion of 
the bob to that of the rod. The former may be easily determined by 
actually weighing the parts : and we may approximate very nearly to the 

3 f 2 
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latter by means of the table inserted at the end of this.paper. When x is 
known, r and b will also be known from the equation : (B) 
„ A+ J.V - 3 br 4 
P=3 X 7 In " 



. 3 x + *• 



.<"*>-" 

whence, since 6 = rx, we have 

^ ( 3+ i)- S x + «* • (C) 

.. ..-S+c«+*» : ~. 

~3 ± x t + 3 x = dx* — ex +f, or 
the cubic equation may be written & — * * t 
! s. x) . a!,) = +/: i« which k and l b-* by the nature o 

the problem, small; d, e, and/, will likewise be small The three roots of tb» 
, , , , , o and X : the last of which only can 
equation will therefore be nearly 1, ». aM j 

apply to the case of the mercurial compensation pendulum. The first ap- 
p <. -n Bv substituting this 

proximation therefore of the value of x will be , • j 

, . tU *• «. /rJ£jt*L* we have for a second approximation, 
value in the equation x = ^_ x) we im 

more nearly, • _ 

* = T=4? = 3 U~ 3 + Having thus 

and which will be sufficiently near for all ordinary purposes^ «, 
deduced x, we may obtain r by means of the equation (O), 
determine 6 ' = rx. 
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38. I shall now bring these several equations under one view, for the 
convenience of the computer. 

^ expan. of rod 

/3 rel. vert, expan. of bob 



w weight of rod 



weight of bob 

' = 2 Ci + ( 3 + i)I* 

-/-(«+-:;> ■(» + £>* 

<*+i)-* 



3p 



(3+ 1)_ 3 * + ** 



(E) 



6 = rx 

39. As an example of the use and application of these formulae to the case 
of the mercurial pendulum, let us suppose that the rod SF, fig. 2, is made of 
steel, whose rate of expansion is £= 00000636; and that the bob is com- 
posed of a cylindrical column of mercury in a glass vessel*. If we assume 
the rate of expansion of glass to be 00000479, and the absolute expansion of 
mercury to be 00010010, then will the relative vertical expansion of the bob 
be /3 = ( 00010010— 00000958) = 00009052.t Let us further suppose 
that the weight of the rod is half a pound, and the weight of the bob 

ten pounds ; whence m = 20, and l -= 05. In this case we have k =™= 

^=•07026: whence e== 5286 and/ = 4393: and the first approxi- 
mation of x will be -1464, and the second approximation 1464 (1 — 1762 + 
1952) = 1494. 



By substituting this value of x in the equation (C), we have r = 



3x39 



2*05 — 1494 



3-05 - -4482 + -0223 



= 42-37 ; and b = 42 37 X 1494 = 6 31. It appears 



* In all cases of the mercurial compensation pendulum, the rod SF (Fig. 2) is supposed to pass 
freely through the cylinder AH ED, which rests on a nut at the bottom: so that whilst the ex- 
pansion of the rod is in the direction SF, that of the bob is in the opposite direction FB. In the 
pendulum, hereafter described, the effect will be the same, although the cylinder is placed in 
the stirrup, as in figure 4. 

t See § 6. 
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therefore that a column of mercury about 6 — inches high will compensate a 

steel rod about 42 inches long, whose weights are in the ratio of 20 to 1 * ; 

and whose expansions are in the ratio here assumed. 

The expansion of steel has been here deduced from General Roy's 
experiments : but if we assume Mr. Troughton's rate of expansion, we shall 
have r = 42 47, and b = 6*58. Or, if we assume Mr. Smeaton's rate of 
expansion, we shall have r = 42 59, and b = 6*81 inches. 

40. In order to prevent the trouble of calculating according to the formula, 
I have computed the following little table, whereby the value of r and 6 may in 
most ordinary cases be discovered by inspection. The artist has only to 
determine the value of Ar, or the ratio of the expansion of the rod and the 
bob, and the corresponding values of r and 6 will be readily found, 
according* as m is assumed equal to 20, 30, or infinitely great. 





m — 


20 


m = 


30 


m — 


CO 


k = 
















r 


b 


r 


b 


r 


b 
















•065 


42-11 


5-80 


42-00 


5-75 


41-77 


5*66 


•066 


42-15 


5-90 


42*05 


5-85 


41*82 


5-76 


•067 


42-20 


600 


42-10 


5-95 


41-86 


5-86 


•068 


42-25 


6-10 


42-14 


6-05 


41*91 


5*96 


•069 


42-30 


6-20 


42-19 


6-15 


41*96 


6-06 


•070 


42-35 


6-30 


42-24 


6-25 


42-00 


6*15 


•071 


42.40 


6-40 


4228 


6-36 


42-05 


6*25 


•072 


42-45 


6-51 


42-33 


6-46 


42-10 


6-35 


•073 


42-50 


6-61 


42-38 


6-57 


42-14 


6-45 


•074 


42-55 


6-71 


42-42 


6-68 


42-19 


6-55 


•075 


42-60 


6-82 


42-47 


6-79 


42-24 


6*65 



* If the ratio had been 30 to 1 ; that is, if the weight of the bob had been 30 times the weigbl 
of the rod, the height of the mercury would be 6*25 inches. 
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These are the proper proportions of the lengths of the rod and of thfc 
bob, provided we could depend on the rates of expansion as here assumed ; 
but on this point there will always be some uncertainty. It is seldom 
that the artist has an opportunity of ascertaining, by direct experiment and 
trial, the correct expansion of the very substances which he employs ; neither 
indeed is it absolutely necessary in the mercurial pendulum; since any 
subsequent correction may be readily applied (either additive or subtractive) 
if, upon trial, it should be found not to be accurately compensated : and this 
forms one of the great advantages of the mercurial pendulum. - If a pen- 
dulum, constructed agreeably to the principles here laid down, should 
be found on trial to go slower in warm weather, and faster in cold ; it 
is said to be tmder-compensated, and more quicksilver must be poured 
into the cylinder. On the contrary, if it should go faster in warm weather, 
and slower in cold, it is said to be over-compensated, and some of the 
quicksilver must be taken out of the cylinder. The quantity thus added 
or subtracted, must be the result of trial and error. Care must be taken, 
after either of these operations, to adjust the bob, or the slider, so that 
the clock may be restored to its true rate. 

41. Prom what has been stated, it will be evident that it is the height 
of the mercury in the cylinder which must be principally attended to; 
and consequently, that if it be required to make the bob heavier than 
usual, it must be done by an increase in the diameter of the vessel, and 
not in the height of the column of mercury*. 

42. In the investigation of this problem by M. Biot, in his Traitt 
de Physique, Vol. I, page 169, he has satisfied himself with determining 
the height of a column of mercury, which would, under all temperatures, 



' * In order to determine the diameter of the cylinder (=e0, corresponding to any given height 

(xsA) of the cylindrical column expressed in inches, and to any given weight (sszp) of the mercury* 

expressed in ounces, avoirdupois, let us assume the specific gravity of mercury to be 13586: 

. , 13586 x *7854 _ . „ 

whence we have w = d». A. Consequently 

1728 ^ 

to = 6-175 d 9 . h 

d = 4 / — - — =a /tt X -161943 
V 6*175 h v h 

Therefore, the weight of the bob, expressed in avoirdupois ounces, being (as is usually the case) 
previously fixed upon, and the proper height of the column of mercury being ascertained, we may 
readily determine the diameter of the vessel. 
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render constant the distance between the point of suspension and the 
centre of gravity of the pendulum: the pendulum being supposed to 
be suspended by a line void of weight. " There is," as he justly observes, 
"but a trifling difference in the distance, between the centre of gravity 
" of the column of mercury, and the centre of oscillation of such a 
" pendulum. Therefore, by neglecting the effect of the expansion on 
" this small interval, it will be sufficient, in order to secure the isochronism 
" of the oscillations, to preserve the same uniform distance between the 
te centre of gravity of the columnn of mercury, and the axis of suspension. 11 
This remark applies more forcibly to the simple pendulum than to the 
compound pendulum. Nevertheless, we may frequently avail ourselves of it, 
in order to determine an approximate value of the ratio of the length of the 
bob to the length of the rod : the method of doing which will be as follows. 
The distance of the centre of gravity of the compound pendulum is, by § 33, 

equal to ^ J ; which, by the substitutions there alluded to, will become 

i+m = r V^w+i)^ <l> : an( * s * ncetn ' 8 value must be the same under all 

temperatures, we shall have r ± <» % m - v ±S£z 5 = 0 ; whence, by 

2(w+ 1) 2 {rn -f- 1) ' J 

substituting r (I + tg) and b (1 + t$) for r' and V respectively, we have rg+ 
2mr^-^ = 0: and consequently f-= jX * m * 1 : which is a very simple 
and easy approximation to the value of x in § 37. In the case stated by 
M. Biot, m is infinite, and therefore the formula becomes -= Whence 

2 P 

b = X r : which is not strictly correct. In order to determine r, he as- 



sumes p = (r— — ) = r —-j- r ; whence r = -r-^- X p. 



43. Mr. Lowe, in his investigation of the problem, in the Philosophical 
Magazine above alluded to, appears also to have assumed the distance 
between the centre of gravity and the centre of oscillation, as a constant 
quantity under all temperatures. In the simple and imaginary pendulum 
discussed by him and M. Biot, this distance will not amount to the tenth 
part of an inch : but, in the ordinary pendulum, and indeed in that which 
Mr. Lowe has afterwards actually proposed and described for use, this 
distance is much greater, and may be sensibly affected by a change of tern- 
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perature. Mr. Lowe's formula is b = (*+ ^ which appears to be an 
•empirical one. 

44. I have already stated, that in the example given by Mr. Lowe, in 
the Philosophical Magazine, the rate of expansion of the mercury is evidently 
erroneous (see § 6 and 9) : and although the result of his investigation 
comes out nearly the same as in the example stated in this paper, yet this 
coincidence arises from a compensation of errors in the particular case 
adduced. With respect to the expansions, it is difficult to decide which 
rates ought, in ordinary cases, to be assumed as the foundation of the 
mercurial pendulum : the artist must choose for himself amongst a variety 
of well authenticated results. Even the superior accuracy with which some 
of these experiments have been conducted, may render the results not 
quite so proper for general use, without a corresponding attention on the 
part of the artist. Thus, in the experiments of MM. Dulong and Petit, 
which were conducted with the greatest care and accuracy, the mercury which 
they employed was carefully purified, and frequently boiled ; a circumstance 
which may probably cause some difference in the rate of expansion when 
compared with the mercury which forms the common article of commerce 
in the shops. As this metal however may now be readily obtained distilled, 
at a small additional expense, I should recommend it to be used in this state. 
The glass vessel should be previously wiped with a clean rag, and well 
dried : and should any air bubbles remain attached to the glass, (the for- 
mation of which it may be difficult to prevent entirely on pouring in the 
mercury,) they may be removed by passing a feather round the inside of the 
vessel. 

45. I have also stated, in a preceding part of this paper, that the mer- 
curial pendulum, as described by Mr. Lowe, is liable to some objections. In 
the first place, the frame of the stirrup is composed of several detached pieces 
of steel, fastened together at the four corners by means of screws ; which, 
from the weight and motion of the pendulum, and the variations of tem- 
perature, are liable, occasionally, to become loose, and thus cause a working 
in those parts destructive of the regularity of its motion. The second ob- 
jection is to the mode of adjusting the pendulum; which, in Mr. Lowe's 
plan, (and indeed in all those which I have seen,) is by means of a fine 
screw passing through the head of the stirrup. This fine screw, which 
is made of steel, is not more than one-tenth of an inch in diameter, and 
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has about 40 turns in an inch; it passes through a brass nut, only one 
quarter of an inch thick, which thus supports the whole weight of the bob. 
One twenty -eighth part of a turn of this nut will make a difference of 
one second per day in the rate of the clock* : but it is very doubtful whether 
a screw of this sort can be depended upon to the twenty-eighth part of a 
turn ; and it may be justly suspected, that the great weight of the bob, con- 
stantly pressing the steel threads against the brass screw, will cause irregu- 
larities which may destroy its accuracy ; and that when we imagine we have 
raised the bob by a small quantity, we may, in fact, have lowered it, through 
the incorrectness of the screw. These, and other circumstances, have pro- 
bably induced many persons to leave the adjustment of the pendulum of their 
clock much further from the truth than they would otherwise wish : since 
they find, by experience, that there is a risk of a greater error in attempting 
a superior degree of accuracy. Moreover, the screw of the nut is so fine 
and formed of so soft a substance, pressing against a comparatively hard one, 
that it is liable soon to wear away, particularly if the rod does not pass very 
freely through the hole made in the upper part of the stirrup. And it was 
in fact owing to this very circumstance that I once nearly experienced the 
loss of a vessel of mercury attached to a pendulum in this way. The stirrup 
dropt from the rod whilst I was in the act of turning the nut; the threads 
of which, owing to a slight resistance, were cut by the steel screw, and thus 
the loss of the whole was endangered. To obviate the recurrence of a 
similar accident, I should propose that the threads of the screw, which unites 
the rod to the stirrup, should be much larger and deeper ; that the screw itself 
should not be less than two-tenths of an inch in diameter, and that it should 
not have more than about 30 turns in an inch. The pendulum may be brought 
nearly to its proper rate by means of this coarse screw, and the bob should 
be then firmly secured in its position; and the pendulum may afterwards be 
accurately adjusted, either by means of a small sliding weight attached to the 
rod, or by means of a weight or ball attached to a screw below the bob. 
Both of these methods-are the same in principle, and differ only in the mag- 
nitude of the weights, and in the space through which they are made to 
pass ; as will evidently appear from the following investigation. 

* The \ariatiou in the length of a pendulum vibrating seconds, corresponding to a variation 

of 1" per day, is very nearly equal to ^ =-—2.?— = -00090, or nearly of an inch: p 

W 86400 1000 

being the length of the pendulum in inches, and N the number of vibrations which it makes hi 

a day. See § 46. 
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46. Let SB (fig. 3) be considered as a line, void of weight ; to the bottom . 
of which, at B, is attached a heavy body, which I shall denote by uf, and 
which, for the purpose of the present inquiry, I shall consider as infinitely 
small. The length of this pendulum, which 1 shall denote by p, will be 

x p' = ^ ®* ^ ut ' ^ we annex to an y P art f °^ '* ne > * e sma " 

weight tc, the motion of the pendulum will be accelerated; and the length 
of the simple synchronous pendulum corresponding thereto, which I shall 
denote by p\ will depend on the position of that weight on the line, and 

will be expressed by x^*sf x g> ' Whence, the difference be- 
tween these two values, or the variation in the length of the simple pen- 
dulum, caused by the addition of the small weight w 9 will be 

_ , __ SB x SF - (SF)« 

P ? "gBxi+' SF 
to 

But S B is equal to p, and S P (or the variable distance of the small weight 
to from the point of suspension ) may be denoted by d : whence we have 

p-p = * d 

p.- +d 

If N denote the number of seconds which the pendulum, whose length is p, 
makes in a day ; and N' (=N+ti) the number of seconds which another pen- 
dulum, whose length is p', makes in a day ; then, since the lengths of two 
pendulums are to each other in the reciprocal duplicate ratio of the number 

of their vibrations, we shall have p : p : : : ^ N ^ 9 ; whence p' = 

•TJrJV"* : and P - P' = 0 - (H -\y ) P' But ' if p differs very Utt,e 
from p\ as is generally the case, n will be very small, and all its powers 
above the second may be safely neglected. Consequently we shall have 

(P Pi = : and the above formula becomes ^ X p = p ~~ d — x d. 

p — +<* 

w 

Whence by making j = m, as in §34; and (l — = a, we have 

n _ (P~d)d N 

p m + <t * 2 p 
* / a 2 »* tnn 

d = a±y a* 

3g2 
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In the seconds pendulum N is always equal to 86400 ; and p may be taken 
equal to 39 inches, without any material error (see the note in § 35) : con- 
sequently we have a = (1 — 000023148 X n) 19.5 ; whence we have 



d = a ± ^/a* _ -035208 m n (G) 

47. In order to show the application of the first of these formulae to 
practical purposes, let us suppose that the rod of the pendulum, from the 
point of suspension to the centre of oscillation, measures, and is divided into 
39 inches ; and that it is required to know what effect the sliding weight 
will have on the rate of the clock, when placed successively at each of 
those divisions; the sliding weight being only one thousandth part of, 
the weight of the bob. In this case m = 1000, and d must be successively 
taken equal to 1,2, 3, &c, whence we have the following table. 



Distance 


Variation 




Distance 


Variation 




Distance 


Variation 




from axis, 


in the rate 


Diff. 


from axis, 


in the rate 


Diff. 


from axis, 


in the rate 


Diff. 


in inches. 


per day. 




in inches. 


per day. 




in inches. 


per day. 






// 






// 










1 


+ 108 




14 


+ 9-94 




27 


+ 9-20 








+ 1«02 






+ •28 






—46 


2 


2-10 




15 


10-22 




28 


8-74 








•97 






•23 






•51 


3 


3-07 




16 


10-45 




29 


8-23 








•91 






•17 






•56 


4 


3-98 




17 


10-62 




30 


7-67 








•85 






•11 






•63 


5 


4-83 




18 


10-73 




31 


7*04 








•79 






+ •06 






•68 


6 


5-62 




19 


10-79 




32 


6-36 








•74 






•00 






•74 


7 


0-36 




20 


10-79 




33 


5-62 








•68 






-•06 






•79 


8 


7-04 




21 


10-73 




34 


4-83 








•63 






•11 






•85 


9 


7-67 




22 


10-62 




35 


3-98 








•56 






•17 






•91 


10 


8-23 




23 


10-45 




36 


307 








•51 






•23 






•97 


11 


8-74 




24 


10-22 




37 


2-10 








•46 






•28 






1-02 


12 


9-20 




25 


9-94 




38 


1-08 








•40 






•34 






-1-08 


13 


9-60 




26 


9-60 




39 


0-00 








+ -34 






—40 
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48. By this table it will be seen, that the effect of the slider is, in all cases, 
to accelerate the clock when placed any where between the axis of sus- 
pension and the centre of oscillation ; which effect is increased the further it 
is removed from the axis of suspension, till it arrives at the middle of the 
rod (considering the length of the rod as the length of the simple synchronous 
pendulum) : after which, if the motion be continued downwards, its operation 
will be the same, but in an inverse order. At equal distances, therefore, from 
the middle of the rod (so considered), the effect will be the same whether the 
slider be placed above or below that point : but, it will be more convenient 
to place it in the upper part of the rod, since it may, in this position, be 
more readily moved without danger of obstructing the pendulum when in 



Owing to the crotch of thependulum, and the rising board of the clock, 
it is seldom that we can approach the axis of suspension within eight or nine 
inches. If therefore we place the slider at nine inches from the centre of 
the spring of the pendulum, we shall have a range of 10J inches, to produce 
an acceleration of 3" per day. 

It will be seen by the table here given, that the effect produced is not the 
same at each portion of this interval, but varies considerably with its distance 
from the axis of suspension. Thus, the interval from the 9th to the 10th 
inch produces a variation in the rate of the clock equal to +0"56 ; whilst 
the interval from the 18th to the 19th inch produces a variation of only 
+0"-06. But, it is very easy, by altering the coarse screw, to throw the 
adjustment on any portion of the rod in which we may think it most ad- 
visable to place the slider ; and thus extend or diminish the length of our 
scale at pleasure. It will readily occur to the practitioner, that, in the pri- 
mary adjustment of the rate of the clock by means of the coarse screw, it 
will be desirable, when the slider is placed on the upper part of the rod, to 
cause the rate to be too slow rather than too fast ; since it will be more 
convenient (in order to obtain the final and complete adjustment) to push 
down the slider, than to force it upwards, whilst the pendulum is in motion. 
And this may very easily be done without stopping the clock, or obstructing 
the motion of the pendulum. 

49. If the slider be continued below the centre of oscillation, the values 
will be still nearly the same (at least in most practical cases) as those given 
in the table, except that they will be minus instead of plus : or, in other 
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words, the effect of the application of the slider to this part of the rod will be 
to retard the clock; and this effect is increased the lower the slider is 
moved*. 

In this case, let us suppose the rod to be continued eight inches below 
the centre of oscillation, and that the slider is attached to this lower part of 
the rod. In the mercurial pendulum, the bottom of the cylinder is about 
four inches below the centre of oscillation ; so that the slider will have, 
in the remaining part, a range of about four inches ; which, in that portion 
of the rod, will produce an effect of about 3" per day : whereas, in the 
u^per part of the rod, we have a range of 10§ inches to produce the same 
effect. 

50. The maximum effect, produced by a slider of this kind, on the seconds 
pendulum, when placed at the middle of the rod, may be determined by 
the formula 

„ = -21L- X 1107.65 = (H ) 

By which it will be seen that the values of n will be nearly in the direct 
ratio of the weight of the slider. Thus, if the values, in the table above 

given, be produced by a slider, whose weight is -j^qq- part of the weight 
of the bob, double those values nearly will be produced by a slider of double 
that weight ; or whose weight is of the weight of the bob. If, there- 
fore, we wish to produce a greater effect on the rate of the clock, without 
altering the range of the slider, we have only to increase the weight of the 
slider in the ratio required. 

51. The most convenient form of the slider will be that of a ring or 
collar, surrounding the rod of the pendulum; and which, by the help of a 
small spring, may be made to remain in any position on the rod. The size 
of this ring will depend on its required weight, and on the diameter of the 



* A similar result would be obtained by applying the slider above the axis of suspension : 
bMt (his effect is increased the higher the slider is moved: as this operation, however, cannot 
conveniently be carried into effect with pendulums attached to clocks of the ordinary con. 
struction, without encountering other difficulties which it is desirable to avoid, I shall not con- 
sider this part of the subject. 
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rod : it will also differ according to the specific gravity of the metal of which 
it is composed. If the diameter of the rod be ^ of an inch, a ring of pla- 

1 3 ' 1 

tinum, — of an inch thick, and — of an inch broad, will weigh above — of 

an ounce : which, if the pendulum weigh 12 pounds, will be about ^~ 
part of its weight. If the ring be made of silver, its breadth must be 
double, or of an inch ; since its specific gravity is only half that of pla-. 

tinum ; and if made of brass, its breadth must be of an inch. The 

actual effect of the ring on the pendulum may be readily ascertained by 
trying it at different distances on the rod. The form of a ring of this kind, 
of its real size (when made of brass) is seen in figure 5. 

52. The equation (G) will be useful, if we wish to determine the exact 
distances d, at which the slider ought to be placed from the axis of sus- 
pension, in order to increase the rate of the clock n seconds per day. Thus, 
if it were required to place the slider above mentioned, in such a point 
that the rate of the clock may be increased 10" per day, we shall have 
d = 19-495 ± </( 19-495)* — 352 083 — 14 2 inches, and 24 8 inches. But 
as these values may be readily found by the table above given, we shall 
seldom have occasion to advert to this formula. 

53. In these investigations I have taken for granted that the centre of oscil- 
lation and the centre of gravity of the pendulum are in the same point : which 
however in fact can never be the case. The values above given are therefore 
approximations only : but they are approximations exceedingly near the truth, 
and will answer every practical purpose. The approximation depends on the 
great weight of the bob compared with the weight of the rod and the slider : 
and, in the mercurial pendulum, the former exceeds the latter in a considerable 
degree. Those who are desirous of pursuing the subject more fully may con- 
sult the excellent papers of M. Prony in the Connaissance des Terns for 1817 
and 1820, and in his L6fons de MSchanique. 

In the first of the works here mentioned, M. Prony has given the following 
general and correct view of the effect of a small weight attached to an oscilla- 
ting body. " If we conceive that the weight be placed above the axis of sus- 
" pension, in such a position that the centre of gravity be exactly in that axis, 
" the length of the simple synchronous pendulum (or the duration of an oscil- 
lation) will be infinite. But if, proceeding from this upper point, we lower 
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" the weight continually, the length of the simple synchronous pendulum (or 
ef the duration of an oscillation of the system) will diminish more and more, 
" until the weight reaches a certain point below the axis of suspension (which 
" point is nearly half way between the axis of suspension and the centre of 
" oscillation), where it produces a minimum in the duration of an oscillation 
" of the system. After this, the weight being made continually to descend, 
" the length of the simple synchronous pendulum will augment as the weight 
" descends : that is, the length and the descent will increase, and become 
" infinite together." 

54. M. Prony states that this method of regulating a clock, by means of a 
slider attached to the rod, was discovered by M. Petremand, one of the artists 
employed by M. Breguet. But, it seems to have escaped the recollection of 
this distinguished mathematician that this very method was not only pointed 
out, but was actually employed by M. Huygens : and, in his Horologium Os- 
cillatorium 3 Part iv. Prop. 23, he has investigated the effects produced by a 
slider of this kind. In the plate which contains a drawing of Mr. Huygens's 
clock, the slider is seen attached to the rod : and the same is observed in Mr. 
Graham's mercurial pendulums. It is also distinctly adverted to in Dr. Der- 
ham's Artificial Clock-maker. Why it was discontinued, I have not been able 
to ascertain : unless it were owing to the introduction of gridiron pendulums, 
whose peculiar construction rendered the application of the slider impracti- 
cable, or unavailable. The recent encouragement given to mercurial pendu- 
lums may revive and probably continue the use of this ingenious and commo- 
dious invention. M. Prony recommends that the slider should be formed of 
platinum, which, on account of its great specific gravity, is well adapted to this 
purpose : but, should this metal be. considered too expensive, silver, or even 
brass, will answer as well. 

55. There is" another mode of regulating the rate of a clock, depending on 
the same principles as those above mentioned, which may sometimes be conve- 
niently practised. In this case, the small weight (instead of being constantly 
the same, and variable in position ) is fixed in one position to the rod, and in- 
creased or diminished at pleasure. The point at which any additional weight 
will have the greatest effect on the rate of the clock, is about the middle of the 
rod : or, in the seconds pendulum, about 19£ inches from the spring. At this 
point, a small conical tube may be fixed, as at fig. 6, in which a few small leaden 
shot may be placed : which, when the clock is adjusted nearly to its proper 
rate, may be increased or diminished according to the circumstances of the 
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case. Of the shot, which is called No. 10 by the gunsmiths, about 1600 
form an ounce : and one of these shot, if the bob should weigh 12 pounds, 
will cause an alteration in the daily rate of the clock of 0^035. Even one of 
these may be subdivided ; so that, by this method, we may regulate the clock 
to a very great degree of accuracy*. - 

56. In Plate VI., fig. 4., is a drawing of the mercurial pendulum, as con- 
structed in the manner proposed in this paper. The rod SP is made of steel 
and perfectly straight ; its form may be either cylindrical, of about a quarter of 
an inch in diameter, or a flat bar § of an inch wide and £ of an inch thick : 
its length from S to P, that is, from the bottom of the spring to the bottom of 
the rod ajt F, should be 34 inches f. The lower part of this rod, which passes 
through the top of the stirrup, and about half an inch above and below the 
same, must be formed into a coarse and deep screw, about two tenths of an inch 
diameter, and having about 30 turns in an inch. A steel nut with a milled 
head must be placed at the end of the rod, in order to support the stirrup ; and 
a similar nut must also be placed on the rod above the head of the stirrup, in 
order to screw firmly down on the same, and thus secure it in its position, after 
it has been adjusted nearly to the required rate. These nuts are represented 
at B and C. A small slit is cut in the rod, where it passes through the head 
of the stirrup, through which a steel pin E is screwed in order to keep the 
stirrup from turning round on the rod. The stirrup itself is also made of 
steel, and the side pieces should be of the same form as the rod, in order that 
they may readily acquire the same temperature. The top of the stirrup con- 
sists of a flat piece of steel, shaped as in the drawing, somewhat more than £ 
of an inch thick. Through the middle of the top (which at this part is about 
I inch deep) a hole must be drilled sufficiently large to enable the screw of 
the rod to pass freely, but without shaking. The inside height of the stirrup, 
from A to D, may be 8£ inches ; and the inside width, between the bars, 
about 3 inches. The bottom piece should be about § of an inch thick, and hol- 
lowed out nearly £ of an inch deep so as to admit the glass cylinder freely. This 
glass cylinder should have a brass or iron cover G, which should fit the mouth 

* Since this was written I have seen a mode, somewhat similar, adopted by Henry Browne, 
Esq. of Portland Place ; who has very ingeniously and accurately regulated one of his mercurial 
pendulum clocks, by means of small pieces of sheet lead, which are loosely placed on the top of 
the glass cylinder ; and thus readily increased or diminished at pleasure. 

t The whole of this length is not preserved in the plate, but is represented as broken in the 
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of it freely, with a shoulder projecting on each side by means of which it 
should be screwed to the side bars of the stirrup, and thus be secured always 
in the same position. This cap should not presson the glass cyhnder so as to 
prevent its expansion. The measures above given may require > a ^shght mo- 
dification, according to the weight of the mercury employed, and the mag*, 
tude of the cylinder : the final adjustment however may be safety )*» *e 
artist. Some persons have recommended that a circular piece <>f thick plate 
glass should float on the mercury, in order to preserve lU surfece uniform y 
level*. The part at the bottom, marked H, is a piece of brass fastened with 
screws to the front of the bottom of the stirrup ; through a small hole m which 
a steel wire, or common needle, is passed in order to indicate (on a scae 
affixed to the case of the clock) the arc of vibration. This wire should merc y 
rest in the hole, whereby it may be easily removed, when it is required to 
detach the pendulum from the clock : in order that the sUrrup might then 
stand securely on its base. One of the screw holes should be rather larger 
than the body of the screw, in order to admit of a small adjustment, in case 
the steel wire should not stand exactly perpendicular to the a*is of mono* 
The scale should be divided into degrees, and not inches : observing that wiUi 
a radius of 44 inches (the estimated distance from the bend of the spring to 
the end of the steel wire) the length of each degree on the scale must be 

0.768 inch. . , .. 

57 A mercurial compensation pendulum may be formed, without the inter- 
vention of the glass cylinder, by having the cylinder made of steel or iron, ana 
the top or handle constructed in the same manner as the top of the stirrup, so 
as to receive the screw of the rod. In. this case, the value of m remaining as 
before, we shall have the value of /3 (if the cylinder be made of steel) equal to 
•00010010 - 00001272 = '00008738 : whence k = j = ^ - ' 
consequently e = 5440 and / = 4551. The first approximation of x will 

* The variation produced in the height of the column of mercury (supposed to be 6* wchei 
high) by an alteration of ± 16° in the temperature, will be only + ~ of an inch : or in other 
words of an inch will be the total variation from its mean state, by an alteration of 32° m 
temperature. It is therefore probable that, in most cases of moderate alteration in the tempera- 
ture, the centre only of the column of mercury is subject to elevation and depression, win 
exterior parts remain attached to the sides of the glass vessel. It was with a view to obviaW 
inconvenience that Mr. Browne (I believe) first suggested the piece of floating glass. 
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therefore be as 1517 ; and the second approximation = '1548 : whence r = 
4*48, and 6 s= 6*59. The column of mercury therefore must, in this case, 
be above a quarter of an inch higher than when a glass vessel is used. 

58. I have already stated that an economical pendulum for a seconds clock 
might be constructed by means of a leaden bob attached to a wooden rod : 
and I shall now show the mode of determining the relative lengths of these two 
substances. I have preferred lead to zinc on account of its inferior price, 
and the ease with which it may be formed into the required shape : and, as 
there is no considerable difference in their rates of expansion, it is equally 
applicable to our purpose. If we take the rate of expansion of deal to be 
0000028685, and that of lead to be 0000159200, as given in the table, we 

shall have ^ = ~~L = 1425 = k. Now, if we assume the weiffht of the 

p I 59200 ° 

bob to be 100 times the weight of the rod (which will probably be the case) 
we shall by means of the equation (D) have x = 2874 (1— 2926 + 3832) 
= •313 : which, being substituted for x in the equation (C), will give r=45 75 
and 6 = 1430*. 

59. This being premised, let us assume b = 14£ inches, and make the 
cylinder of any diameter, according to the weight proposed. The construc- 
tion then of such a pendulum will be as follows. Take a deal rod, of a conve- 
nient size, but not less than 46 inches in length, the lower part of which 
(14§ inches long) should be made cylindrical, about § of an inch in diameter : 
or the whole rod may be of this size and shape. Procure a leaden weight or 
cylinder to be cast, with a hole through the centre which will freely admit the 
cylindrical end of the rod, and of such a length that when put in the lathe it 
may be reduced to the required standard of 14*3 inches f, and to the required 
weight J. 

* If the bob were made of zinc, the length of the cylinder would be only 13*88 inches. 

t It will be more convenient to have this cylinder too long rather than too short : since we may 
readily diminish the length of it, if, on trial, it should ba found that the pendulum is over-com- 
pen sated. 

X The following are the respective weights of a leaden cylinder 14' 3 inches long, and having a 
hole, through the centre, equal to | of an inch in diameter. 



Diameter of cylinder. 



1± inch. 

H 



Weight. 
6*56 lbs. 



9-73 
13-47 
17-80 
22-70 
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The lower end of the rod should be formed into a screw, to which a wooden 
nut may be fitted, in order to adjust the pendulum nearly to the given rate: 
and the final adjustment may be made by means of a slider, as above described. 
A pendulum of this kind will cost but a few shillings, and will answer many 
useful purposes, as I have found by experience. If the expansion of the rod 
could be depended on, it would be as accurate as any other. In this con- 
struction I have not considered the expansion of that part of the spring 
which is below the axis of motion. The effect of this may be taken into 
account, at the final adjustment of the pendulum. 

60. In all the wooden pendulums which I have seen, the bob has been made 
of a lenticular shape, and oftentimes been fastened to the rod by means 
of a pin passed through its centre; and therefore not constructed with any 
view to compensation. This shape was, I presume, originally adopted with a 
view to overcome the resistance of the air, and thus reduce the maintaining 
power of the clock. But it is well known that the air, as a resisting medium, 
has no sensible effect on the rate of the clock : neither is the rate affected by 
the shape of the bob ; we may therefore choose that shape which will best 
answer other useful purposes. 

61. A variation, however, in the density of the air will cause a slight varia- 
tion in the rate of the clock : and although I am not at present aware that any 
mode has been proposed for compensating the whole of the errors which arise 
from that source, yet the amount of them may be determined in the following 
manner. 

Let the specific gravity of water (compared with air considered as unity, 
when the barometer is 29 27 inches high, and Fahrenheit's thermometer 

at 53°) be denoted by w. Let us also suppose that air expands ~ of its 

bulk for every degree of the thermometer*. Let s be the specific gravity of 
the compound pendulum compared with water considered as unity. Let the 
height of the barometer be denoted by b ; and the height of the thermometer 
by t. Then will the diminution of gravity, on account of the density of the 
atmosphere, (the absolute force of gravity in vacuo being considered as unity,) 
be denoted by 

* This is the value given by MM. Ga y-Lussac and Biot : bat other writers are by no means 
agreed on the correct value. See Zeitschrift fur Astronomic, vol. ii. p. 6. M. Laplace has 
recently assumed See his Systeme du Monde, page 89. Edition 1824. 
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29-27 [1 + (t - 53°) -0020833] w. s 

and the true accelerative force, at that temperature and under that pressure, 
will be only (I— D). And, at any other temperature (=0 and at any other 
pressure (=60 we shall have 

D '= : b l 

( 29-27 [1 + (^-53°) -0020833] a>. $ 

and the true accelerative force, in such case, equal to (1— D*). 

62. Now the squares of the number of vibrations, made in the same time 
by two pendulums of the same length, are to each other as the accelerative 
forces of gravity by which they are impelled. If therefore we denote the num- 
ber of daily vibrations, corresponding to (1-D), by N; and the number of 
daily vibrations, corresponding to (1-D'), byN'=N + n; we shall have 
N* : (N+n)« : : (1-D) : (] -D). Whence, in the seconds pendulum, since 
N' generally differs very little from N, we obtain for the daily variation in the 

rate of the pendulum n = 5=H x 43200: or sufficiently near for all useftil 
purposes 

n = (D~iy) 43200. 

If we assume the height of the barometer equal to 29 27 inches, and the ther- 
mometer at 53° of Fahrenheit, we shall have D = and at any other 

height of the barometer (= b'), and at any other temperature ( = t'), we shall 
have 

l-5^ 7 + (<'- 53°) -0020833 ^ 
1 + 53°) -0020833 X w. s 

63. f n order to apply these formulae to the case of the mercurial pendulum^ 
we shall first ascertain what effect is produced on the daily rate of a clock with 
a mercurial pendulum, by an alteration in the density of the air occasioned by 
a change in the thermometer only. For this purpose, we shall assume w. s 
= 10000 : and let us suppose t = 32° and t?= 70°, and that the barometer re- 
mains stationary at 29 27 inches. Consequently we have D = 0001045751, 
and D'= 0000965795 ; whence n = 0, /, 3454. < 

Thus it appears that an increase of temperature of 38° of Fahrenheit's 
thermometer (viz. from the freezing point to 70°) will cause an acceleration 
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(arising from the difference in the density of the atmosphere only) of about 
one third of a second, in the daily rate of a clock with a mercurial pendulum : 
or about 0",009 for every degree of the thermometer. In some countries the 
probable variation of the thermometer may exceed 100° in the course of a 
year : but the occasional differences arising from this source are corrected by 
the practical mode of compensation alluded to in page 399 ; and may therefore 
be considered as not materially affecting the mercurial pendulum. 
• 64. Let us now see the effect produced by an alteration in the state of the 
barometer. For this purpose we shall suppose the thermometer stationary at 
53° : and that the barometer stands in the first instance at 31 inches, but after- 
wards falls to 28 inches : or that b = 31, and 6'= 28. In this case we have 
D = -0001059105 and D = 0000956611: consequently n = 0",4428. Whence 
it appears that a fall of one tenth of an inch in the barometer will cause an 
increase in the rate of the clock, equal to 0 // ,015 : and on the contrary, that a 
rise of one tenth of an inch will cause a diminution of the same amount. 

But when the density of the air diminishes, the arc of vibration probably 
increases : let us therefore endeavour to ascertain what influence this would 
have on the going of the clock ; and whether it may not counteract the effect 
just mentioned. For this purpose let us assume the semiarc of vibration, in 
its mean state, equal to x ; and let x' denote the semiarc of vibration, in its 
altered state. Then the variation in the rate of the seconds pendulum will, in 
consequence of this alteration in the arc of vibration, be denoted by 
n = 10800 (cos cos x). 

In most pendulums which I have seen, the semiarc of vibration does not 
differ much from 2° ; consequently the variation in the rate of the clock pro- 
duced by an increase of 1' in the semiarc of vibration, would be n= 10800 
X ^0000102 = — 0",11. Now, if this increase in the semiarc of vibration* 
were produced by a fall of £ of an inch in the barometer, it is evident that 
these two operating causes on the rate of the pendulum would be exacdy 
counterbalanced. Whether the variations in the height of the barometer do 
produce the effect here alluded to, or in what other degree, I am unable at 
present to decide, for want of sufficient data ; neither am I aware of any ex- 
periments that have been conducted with a view to elucidate this point : but 
from some recent observations which I have made, I am induced to think that 

* This increase in the semiarc would not much exceed the ~j part of an inch : a quantity 
scarcely perceptible by the eye, on the ordinary scale attached to clocks in general. 
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these effects are in some measure counterbalanced. The subject however 
is certainly deserving of more particular attention from the practical astro- 
nomer. 

In these examples I have supposed the specific gravity of the compound 
mercurial pendulum, compared with air considered as unity, to be denoted by 
10000, more for the sake of a practical example in round numb.ers.than as ex- 
pressing an opinion of its true value. If greater accuracy is required, the 
practical astronomer will determine these elements for himself, according to 
the substances made use of in the construction of the pendulum under consi- 
deration. 
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Linear Expansion of various Substances for one degree of 
Fahrenheit's Thermometer. 



No. 


Substance. 


Expansion. 


Authors. 


Reference. 


1 

2 


White Deal ^ 


00000 22685 
28444 


Captain Rater 
Dr. Struve 


Nich. Journ. vol. xx. 
Dorpat Obs. vol. I. 


3 
4 
5 
6 
7 
8 
9 

10 
11 
12 


Glass « 


Bar. tube 
solid rod 
Eng. flint 

with lead 
tubes C 
without \ 
lead v 


43100 
44900 
45092 
46300 
47887 
48444 
48651 
49866 
50973 
61495 


General Roy 

Ditto 
Lavoisier and L. 
Smeaton 
Dulong and P. 
Lavoisier and L. 

Ditto 

Ditto 

Ditto 
Berthoud 


Phil. Trans. 1785. 

Ditto. 
Biot, Traite de Phys. 
Phil. Trans. 1754. 
Journ. de l'Ec. Pol. 
Biot, Traite de Phys. 

Ditto. 

Ditto. 

Ditto. 

Hist, de la Mes.du Terns. 


13 
14 
Id 


Platina ^ 


47583 
48100 
49121 


Borda 
Brande 

Dulong and P. 


Base du Syst. Met. 
Syst. of Chem. 
Journ. de l'Ec. Pol. 


16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 


Iron 


'cast 
cast 

soft 
wire 
bar 

nealed 
hardened 
hammered 
wait 


61700 
61800 
63333 
65668 
67803 
68613 
69844 
69907 
74000 
74389 
77000 
77365 


General Roy 

Lavoisier 

Borda 

Dulong and P. 
Lavoisier and L. 

Ditto 
Hasslar 
Smeaton 
Muschenbroek 
Berthoud 
Muschenbroek 
Berthoud 


Phil. Trans. 1785. 

T)r Vnnncr's Lect. 

Base du Syst. Met. 
Journ. de l'Ec Pol. 
Biot, Traite de Phys. 

Ditto. 
Amer. Phil. Trans. 
Phil. Trans. 1754. 
Dr. Young's Lect. 
Hist.de la Mes.du Terns. 
Dr. Young's Lect 
Hist de la Mes.du Terns. 
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Linear Expansion of various Substances for one degree of 
Fahrenheit's Thermometer. 



No. 


Substance. 


Expansion. 


* Authors. 


Reference. 


28 






'0000 059305 


Lavoisier and L. 


Biot, Traite de. Phys. 


29 




not temp*. 


059975 


Ditto 




30 




blistered 


062500 


Roy 


Phil. Trans. 1795. 


3t 




rod 


063596 


Ditto 


Ditto, 1785. 


32 




blistered 


063900 


Smeaton 


Ditto, 1754. 


33 






064200 


Lavoisier 


Dr. Young's Lect. 


34 






066100 


Trtroghton 


Nich. Journ. vol. ix. 


35 


Steel < 


nealed 


068000 


Musschenbroek 


XJv . I OUUg a ±JV\ti>» 


3d 




hard 


068056 


Smeaton 


Phil. Trans. 1754. 


37 




soft 


068438 


Berthoud 


Hist.de la Mes. du Terns. 


38 




tempered 


068866 


- Lavoisier and L. 


Biot, Traite de Phys. 


39 




hammered 


073398 


Berthoud 


Hist, de la Mes. du Terns. 


40 




ditto 


076000 


Musschenbroek 


Dr. Young's Lect. 


41 




^tempered 


076373 


Berthoud 


Hist, de la Mes. du Terns. 


42 


fsoft 


081332 


Berthoud 


Hist.de la Mes. du Terns. 


43 


Gold « 


i 


086197 


Lavoisier and L. 


Biot, TraitS de Phys. 


44 


twire 


093235 


Berthoud 


Hist, de la Mes. du Terns. 


45 


/-hammered 


' 094444 


Smeaton 


Phil. Trans. 1754. 


46 


Copper < 


) 


106000 


Musschenbroek 


Dr. Young's Lect. 


47 




106129 


Berthoud 


Hist, de la Mes. du Terns. 
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Linear Expansion of various Substances for one degree 
Fahrenheit's Thermometer. 



No. 


Substance. 


Expansion. 


Authors. 


Reference. 


1 48 
1 49 

1 50 

1 51 

1 52 

1 53 

1 *»4 

1 55 
1 56 

1 57 
1 58 

1 59 

1 60 

1 rti 
1 

1 62 
1 63 
1 64 


Brass < 


cast 
scale 

cast 

bars 

rod 

trough 
wire 

L 


•0000095456 
098200 
098888 
099590 
101850 
103077 
103706 
104166 
104400 
104850 
104984 
105155 
, 105271 
106666 
107407 
120000 
120015 


Dulong and P. 
Captain Kater 
Borda 

Captain Kater 
Captain Sabine 
Roy 

Lavoisier and L. 
Smeaton 

f Com. on W. and M. 
\ May 28, 1821. 

Hasslar 

Lavoisier and L. 
Roy 

Ditto 
Tronghton 
Smeaton 
Musschenbroek 
Bertnoua 


Journ. de l'Ec. Pol. 
Phil. Trans. 1819. 
Base du Syst. Met. 
Phil. Trans. 1818. 

Ditto, 1821. 

Ditto, 1785. 
Mot, Traite de Phys. 
Phil. Trans. 1754. 
j • Mean of sev. exp. 
Amer. Phil. Tran9. 
Biot, Traite de Pbys. 
Phil, lrans. i7»o. 

Ditto 

Nich. Journ. vol. ix. 
Phil. Trans. 1754. 
Dr. IToung's Lect. 
Hist, de la Mes. du Terns. 


1 65 
1 66 


SlLYEB 


{ 


106038 
118031 


Lavoisier and L. 
Berthoud 


Biot, TraitS dePhys. 
Hist.de la Mes. du Terns. 


1 67 


Pewter 


, fine 


126852 


Smeaton 


Phil. Trans. 1754. 


1 68 
1 69 


Tin ^ 


grain 


137963 
158698 


Ditto 
Berthoud 


Ditto 

Hist, de la Mes. du Terns. 


1 70 
1 71 


Lead ^ 




159259 
191429 


Smeaton 
Berthoud 


Phil. Trans. 1754. 
Hist.de la Mes. du Terns. 


1 72 
1 73 


Zinc ^ 


.hammered 


163426 
172685 


Smeaton 
Ditto 


Phil. Trans. 1754. 
Ditto 
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Cubical Expansion of Mercury for 1° of Fahrenheit's Thermometer. 



No. 


Cub. Expan. 


Authors. 


Remarks. 


74 


•0000829180 


Dom. Casbois 






75 


0847500 


Lalande and Delisle 


^Quoted by Dulong and Petit. 




76 


0855000 


Cotte 


Ditto, by Dr. Young : probably in gla 


LSS. 


77 


0857339 


Dulong and P. 


Apparent. 




78 


0860126 


Lav. and Laplace 


As corrected by Dulong and Petit. 




79 


0863778 


G. Lowe 


Phil. Mag. 1819. 




80 


0869565 


Com. of Roy. Soc. 


Phil. Trans. 1777. 




81 


0872144 


Schuckburgh 


Ditto, without allowing for expan. of g 


lass. 


82 


0880572 


Lav. and Laplace 


Incorrect. See No. 78. 


e a\> o 


83 


0900000 


Cavallo 


Phil. Trans. 1781. 




84 


0917000 


Lichtenberg 


As quoted by Dr. Y. mean of several exper. 


85 


0920000 


Achard 


Ditto, in glass. 




80 


0941610 


Roy 


As quoted by Dulong and Petit. 




87 


0947593 


Ditto 


2nd set of Exp. Phil. Trans. 1777. 




88 


0970000 


Hallstroem 


As quoted by Dr. Young. 




89 


0973703 


Roy 


1st set of Exp. Phil. Trans. 1777. 




90 


0986805 


Deluc 


Phil. Trans. 1777. See No. 101. 




91 


0992060 


Ditto 


As quoted by Dulong and Petit. 




92 


1001001 


Dulong and P. 


Absolute. 




93 


1006077 


Lav. and Laplace 


As corrected by Dulong and Petit. 


ft 


94 


1007963 


Roy 


3rd set of Exp. Phil. Trans. 1777. 




95 


1010101 


Hallstroem 


As quoted by Dulong and Petit. 




96 


1011032 


Shuckburgh 


P. T. 1777, allowing for the expan. of glass. 


97 


1026528 


Lav. and Laplace 


Incorrect. See No. 93. 


i 4*1 ft 


98 


1028805 


Schuck. Lav. & Lap. 


As quoted by Dulong and Petit. 




OQ 

yy 


1U3UUUU 


MaIha nnn T on 

ueiuc ana ijap. 


As quoted by Dr. Young. 




100 


1040000 


Lord Cavendish 


Ditto, mean of Shuckburgh's Exper. 




101 


1041500 


Deluc 


As corrected by Roy. 




102 


1048200 


Lord Cavendish 


As quoted by Dulong and Petit. 




103 


1080000 


Roy 


Probably a typographical error. 




104 


1098500 


Rosenthall 


Quoted by Dr. Young. 




105 


1111111 


Dalton 


Quoted by Dulong and Petit. 




106 


1224947 


Berthoud 


Hist, de la Mesure du Terns. 
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410 was printed off, the following errata have been discovered. 

No. 3 for 43100 read 43119 

4 . . 44900 . . . 44881 

16 . . 61700 . . . 61632 

21 . . 68130 . . . 68613 

23 . . 69900 . . . 69907 




XXXVI. Subsidiary Tables for facilitating the computation of Annual Tables 
of the apparent places of forty-six principal fixed Stars, computed by order 
of the Council of this Society : to which is prefixed a statement of the 
Formulce employed, and Elements adopted in their Construction. Drawn 
up by J. F. W. Herschel, Esq. M.A. F.R.S. Foreign Secretary. 

Read December 12, 1823. 



The corrections -to be applied to the mean places of the stars, to obtain 
their apparent ones at any given time, arise, as is well known, from their 
own proper motions in the heavens, and from the effects of precession, nu- 
tation, and aberration ; and when analytically expressed, consist of a variety of 
terms, depending on the time elapsed since a given epoch, on the sun's 
longitude, that of the moon, and of the node of her orbit ; and are stated 
with more or less simplicity by most writers on astronomy. In particular, 
they have undergone a most elaborate examination by Professor Bessel, 
who has brought their theory to that degree of perfection, that little 
remains to be added to it. For this, and for a history of the successive 
refinements it has undergone, the reader is referred to the seventh section of 
the Fundamenta Astronomic of that eminent astronomer, page 67 ; to the 
Zeitschrift fur Astronomie, vol. vi. page 169 ; and, more recently, to Schu- 
macher's Astronomische Nachrichten, numbers 4 and 34. Our object at 
present is by no means to add any thing to this theory, but simply to point 
out the construction of the following tables, their use, and the formulae 
from which they have been computed. We shall therefore consider in their 
order the several corrections, with this view. 

1. Proper Motion. 2. Precession. 
The proper motions of the stars, and the mean effect of solar, lunar, 
and planetary precession, being each uniform during the small portions 
of time for which our tables are serviceable, may all be included in a 
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single expression, either in right ascension or declination. Their joint 
effect is generally known by the name of variation, and is given directly 
by observation. In fact, the proper motions of the stars are nothing else 
than the differences between their observed places, corrected for all the 
known periodical inequalities, and for the most probable value of their 
annual precession at the beginning and end of the year : and are therefore 
mere results of calculation, being found by subducting the computed 
precession from the observed variation. Calling then V and v the observed 
annual variations in right ascension and declination respectively, and t 
the time, in years and decimals of a year, from a given epoch (the com- 
mencement of the year) + V. t y and + v. f, will be the proportional variations 
for that time, and must be added to the mean place at the beginning of the 
year, or subtracted from the apparent place at the time of observation. 
We shall adhere to the former mode. The values of V and v in these tables 
are taken from the catalogue affixed to the Nautical Almanac for 1824. 



3. Aberration. 

The effects of aberration, depending on the motion of the spectator, are 
diurnal, annual, and systematic ; the first has no effect in declination when 
a star is observed on the meridian, because then the motion of the observer is 
parallel to the tangent of a circle of declination, passing through the star. 
Its whole effect at that moment (and that is the only moment concerned 
here) is in right ascension. The diurnal velocity of the spectator being equal 
to the equatorial velocity x cosin of latitude ; the aberration in M of an 
equatorial star will be 

Equatorial velocity 

Velocity of light 1 X C0S lat 

and therefore that of a star, whose declination is S, will be 

Equ atorial velocity 

Velocity of light X C0B lat X sec « decL (*)• 

The numerical co-efficient is no more than (^OSOS, when reduced to seconds 
of time. 

This expression of the diurnal aberration in M therefore differs for every 
particular star, and for every different geographical situation (in latitude) of 
the observer. Being however always the same for the same star at the satae 
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place, we need take no account of it here, as it must be regarded only 
in the light of a reduction from one observatory to another, to be applied as 
occasion may require in the form 

a X (cos L — cos L') X sec i, 

L and L' being the latitudes of the two observatories. 

The systematic aberration (or that arising from the motion of the solar 
system in space) affects, in like manner, each star with a certain correction, 
which remains constant so long as the solar motion remains uniform. Mr. 
Pond has well remarked, too, that an uniform acceleration or retardation of 
the sun's velocity would produce an uniform increase or diminution in the con- 
stant of systematic aberration, and its effect would be to displace all the 
stars with an uniform motion. Its influence, therefore, would be confounded 
with their proper motions. We have, however, no certain ground to at- 
tribute any variable motion to the sun. Each star, then, is indeed seen by us 
out of its real place, but by a constant quantity, and one, of which we shall 
probably for ever remain ignorant. 

The annual aberration alone remains. It may be regarded as consisting 
of two portions ; one, which depends on the place of the sun's perigee, is in- 
variable for each particular star in all places ; and which, being of course 
necessarily included in the mean places as determined by observation, ought 
not to be again taken account of : the other, independent of this element, 
whose form, if we take account of only the first powers of very minute 
quantities, is, in M and Dec. as follows, 

iR = — jtf {sin 0. sin a «+- cos 0. cos a. cos a/} X sec. 8 

D = — ^{sin O. cos a. sin 8— cosO(sin ex. cos a;. sin 8— sin ^. cos 

\h representing the constant of aberration, a and 8 the right ascension and 
declination of the star, u the obliquity of the ecliptic, and 0 the sun's true 
longitude. 

The constant, p, in the following tables is taken at 20",5 of space, or 
1 8 ,36667 of time. Bessel, in his reduction of Bradley's observations (Fun- 
damenta Astronomic), has used the coefficient 20",255; but there is every 
reason to believe this a little below the truth. He himself has called its 
exactness in question in the same valuable work ; and by a collation 
of Bradley's observations (Fundamenta, pp. 1 12 — 123) has deduced the fol- 
lowing results : 
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By 207 differences of M between Sinus) )/i _20" j 255 + 0",6247 = 20*,8797 

and « Lyra * 

By 200 ditto ditto between Procyon) (1(i _2O" j 255+O",O466=20*,3016 

and a Aquilae ' 

By 117 observed right ascensions of) ft _2Q" j 2S5+(r j 5001 =20*,7551 

Polaris ' 

By 64 observed zenith distances of y) F _2(y',255+0'' J 5423==20'',7973 
Draconis with the zenith sector > 
Each of these independent determinations indicates the necessity of an 
augmentation in the value of p. If we take the mean, we find ^=20 ,68. 

The results of M. Lindenau's labours correspond very nearly with the 
mean result here deduced. From a comparison of 810 observations of the 
right ascension of Polari* by Bradley, Masxelyne, Pond, and Bessel, he 
obtained u, = 20",6096. ( ZeUschrift fur Astronomie, vol. l. p. 65.) 

The observations of Dr. Brinkley confirm the necessity of an augmen- 
tation By 166observationsofsixcircumpolarstars, he deduces {Philosophical 
Transactions, 1819) 2O",80 for the value of-,*, exceeding even the result 
of Bessel's computation; but recently, in a very elaborate paper pnn tod 
in the Transactions of the Royal Society for 1821, he has reduced^ ttns vahe 
considerably, and assigned as his final result from no less than 2633 ohser 
vations of a great multitude of stars, 0",115 as the augmentation ; or 20V* 
as the true value off*. l4 e 

This determination is doubtless to be preferred to the result of Bradley s 
observations, yet these cannot be entirely waved. A quantity 
between them, will probably be nearer than either, and though 20\5 > « ; per- 
haps a very little too large, it may, in the present state of our knowledge,^ 
assumed without apprehending an error of a tenth of a second either way. 

The expressions (1) are not however in the form best adapted to ™ m * n ™ 
computation, when many observations of the same star are to be reduced. 



• Since this was written, and the tables computed, the third volume of Mr. Stbote's Dorpat 
observations has come to hand ; in which, from a series of 693 observations of d J 
made with the utmost care, he assigns 20",3492S>, or 20",35, as the value of the consw 
aberration. The admirable coincidence of this with Dr. Bbinbxey's result, is a strong V ' ' 
if any were wanted, of the accuracy of both observers. If we assign to all the deteimin o 
weight proportional to the number of observations on which they rely, we shall have 
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bring them into such a form, a well-known trigonometrical transformation 
must be used. If we assume 

A. sin 0 + B. cos 0 = M. sin (0 -f- N j ' (2) 

we shall readily see that M and N must be such, that 



tanN= -|- 



M = 



(3) 



sin N cos N 

To apply this to the expressions in (1), we have ^ = 0, and (for the aber- 
ration in M) 

A = — sin a. sec S ; 

B = — p. cos a/, cos a. sec S ; 

Hence we find 

Aberration in M = M. sin (O + N) 

tan N = cos a. cotan « y (4) 

itr sin a 
M = — £*. 5 

r cos tf. cos N 

and similarly 



} 



Aberration in declination = m. sin ( G + n) 
tan n = — cos tan a + sin a>. sec a. cotan i L (5) 



cos a. sin $ 
m = — u. 

' rns n 



} 



co representing 23° 27 40", the mean obliquity of the ecliptic for 1830. 

M. Bessel in the Fundamenta Astronomic, page 128, has investigated 
with great care the analytical values of the solar and lunar nutation ; but the 



Bradley, 20",68 by 588 obs = 12159",84 

Lindenau, 20,61 810 = 16694,10 

Brinkley, 20,37 2633 = 53634,21 

Struye, 20,35 693 = 14102,55 

4724 96590,70 

Mean = 20,447 

Differing only 0",053 from the value in the text.— For so minute a difference as this, it was not 
thought worth while to re-compute the table; especially as future determinations may be expect- 
ed still to alter the value of p by a few hundredths of a second. 
VOL. I. PART II. 3 K 
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redaction <rf his resulte to numbers pre-supposes an exact knowledge either^ 
the moon's mass, or of the maximum effect of her attraction m altering the 
obliquity of the ecliptic during one revolution of her node. The former may 
indeed be determined from other phenomena, but imperfectly : and it is un- 
doubtedly preferable to have recourse to the other mode, and deduce the 
maximum of nutation from a series of observations of the places of proper 
stars The observations of Bra»ley continued only through half a period 
of the moon's node not affording data sufficient, this point was left undeter- 
mined by M. Bessel. It follows, however, from his investigations, that if we 
adopt 9",6480 for the approximate major semiaxis of the ellipse of nutation, 
(or the maximum effect in question), as stated by Baron De Zach, the mass 
of the moon being -5^,-^: then, if subsequent observations should fix the 
true value of the semi-axis at (1 + i) X 9",6480, the corresponding mass of 

t . .„ , 1 + { : This relation between the two 

the moon will be 69 . a37 6 - TTx 178-2918 \ 

elements thus established, it remained only to go through the labour ot de- 
termining the value of i. This has been performed by Mr. Lindena^ wh* 
from the above-mentioned 810 observations, embracing three « ^o^plete perils 
of the moon's node, has fixed it at - 0 069541 ; so that we have 8 97J, and 
6"682, for the respective major and minor semi-axes of the ellipse, 

— - — for the moon's mass. 

The numerical results obtained by M. Bessel from these data, with the 
analytical formula, from which they are derived, will be found .n tne wor 
above referred to. They have been revised with great care by Mr. Bail* 
usine the value of i above stated, and the mean obliquity of the eclipu 
S'^'for 1830, instead of the obliquity 54",8 for 1800 empbyed 

by M. Bessel. In this revision some errors have been detected, ana 
numerical co-efficients of M. Bessel are slightly altered, in consequence 
this alteration of one of the data. The correct formula* for nutation doui 

JR. and Decl. for 1830, will then stand as follows : 

Nutation in M = 

- (15",39587 + 6",68189 sin <*. tan J), sin ft - 8",97707 cos a. tan J. cosft \ 

+ (0",14763 + 0",08408 sin «. tan J), sin 2 ft + 0",08768 cos a. tan J. cos 2 II I ^ 

- (1",22549 + 0",53187sin a. tan«). sin 2 © - 0",S7992 cos *. tan S. cos2 O J 

- (0",18464 + 0",08013 sin «. tan J), sin 2 J> - 0",08737 cos *. tan S. cos 2 ) J 
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Nutation in Declination = 

- 6",68189 cos a X sin a + 8",97707 sin a X cos 8 
+ 0",06408 cos « X sin 2 8 - 0",08768 sin u X cos 2 8 

- 0",53187 cos « X sin 2 G + 0",57992 sin « X cos 2 © 

- 0",08013 cos « x sin 2 J + 0",08737 sin u x cos 2 > 

Now it will appear, on executing the computations, that 

014763 ^0009590 X 15 39587 
0 06408=0 009590 X 6 68189 
0 08768=0 009767 x 8 97707 

1-22549 = 0 079600 x 15 39587 
053187 = 0079600 X 6 68189 
0 57992 = 0 064600 x 8-97707 

018464=0 011993 x 15 39587 
0 08013 = 0 011993 X 6 68189 
008737=0009732 x 8-97707 



(?) 



And moreover, that 

0009767 = 1018515 x 0 009590 

0 064600 = 0-811555 X 0 079600 

0 009732=0-811555 X 0011993 

Assuming, therefore, 

P = 1 5",39587 + 6",68 1 89 sin «. tan I ; Q = 8",97707 cos «. tan i 
p = 6",68189 cos * ; ? = 8",97707 sin « 

the expressions above stated will take the following form : 

Nutation in M = — (P. sin a + Q. cos 8 ) 

+ 0 009590 (P. sin 2 a + 1018515 Q. cos 2 a ) 

- 0079600 (B. sin 20 + 0 811555 Q. cos 2©) 

— 0011993 (P. sin 2 5 + 0-811555 Q. cos 2 J ) 

3k2 



(8) 
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Nutation in Decl. = - (p. sin 8 - q. cos Q ) 

+ 0 009590 (p. sin 2 8 - 1018515 q. cos 2 8 ) y (9) 
_ 0079600 (p. sin 2© - 0 811555 g. cos 20) 
_ 0 011993 (p. sin 2 » - 0811555 g. cos 2 5) 

We have only now to reduce these expressions to the same form, as was em- 
ployed in the aberrations ; viz. into terms of the form M. sin (0 + N).^ 

Assuming, therefore, the indeterminate co-efficients M', N', M" N", M"', 
N'" M lT N lT and m', ri, &c. so that they shall respectively coincide with 

M'. sin ( 8 + N') + M". sin (2 © + N") + M'". sin (2 J + N'") + M*. 
sin (2 8+ N w ); 

and , /#v , . 

m'. sin ( 8 + «') sin (2 © + »") + m'". sin (2 J + «") + 

in which the terms follow in the order of their magnitudes, we shall have 
(P and Q,p, and q 3 being determined as above) 

tan N' = -J- ~] 
tan N" = 0-811555 tan N' f 0°) ' 

N"'= N" 

tanN* = 1018515 tan N' J 

_ Q _ 8"-97707 cos g. tan * 

TV/I" — Q'0 6460 Q _ 0"-57992 cos a. taa S 

M — sin N" " sin N" 

_ 0*00973 Q = 0"-Q8737 cos a. tan * = q. 16()66M ^ 
iV1 sin N'" sin N'" 

0- 00977 Q , 0**08768 cos «. tan S 

M V== s!n~N* h ~ sTn~N> " 



>(11) 



tan ri = = - 134349 tan a 

( tan n" = 0 81 1 555 tan n = - 1 09030 tan a ) (12) 

ri"= n" 

tan n w = 1 018515 tan ri = - 136829 tan « 
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m' = 


+ 




= + 


8"-97707sina 


sin n' 


sin n' 


m" = 


+ 


0-06460 y 


= + 


0"-57992 sin a- 


sin »" 


sin n" 




+ 


0-00973 9 
sin n'" 


= + 


0"-08737 sin a 
sin rt" 


m iY = 




0-00977 q 




0*'-08768 sin a 




sin n lT 




sin n 1 * 



/(IS) 

= 0*15066 



These are all the terms of the first order, which can demonstrably, in the 
present state of the theory, affect the places of the stars, with the exception 
of some excessively minute terms, having O + a for their argument. They 
are so minute, however, that even in the case of the pole star, their influence 
can never amount to 0",06 (of time) in M, and a quantity perfectly insensible 
in declination. These, of course, we reject as needless refinements. 

But the nutation and aberration displace the stars in arcs of great circles, 
which, though exceedingly small, cannot be confounded with their diffe- 
rentials. Hence it may, in some cases of stars near the pole, become ne- 
cessary to take account of the squares at least of these corrections. This has 
been done by M. Bessel, who finds that the following terms are to be added 
to the general formula for the corrections on this account. 



In Right Ascension (in time) 

+ sec &■ (0^,00006082 cos 2 a. sin 2 O - 0",00006104 sin 2 a. cos 2 © ) 
+ tan » (0",00000969 cos 2 a. sin 2 8 - 0",00001012 sin 2 a. cos 2 8 ) 
- 0",00002233sin a. tan 8. sin 2 8 +0",00008312cos a. tan 8. cos 2 8 

That is (since the co-efficients 0-00006082 and 0 00006104 differ exceedingly 
little from each other, and from their mean 0 00006093 ; and, in like manner, 
0 00000969 and 0 00001012 differ by an exceedingly minute quantity from 
their mean 0 00000991) 

+ 000006093 sec 8* (cos2 a. sin 2 O - sin 2 a. cos 2 O) 
+ 0 00000991 tan 8* (cos 2 a. sin 2 8 — sin 2 a. cos 2 8 ) 
- (0 00002333 sin a. sin 2 8 - 0 00008312 cos a. cos 2 8 ) . tan 8 
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=0 00006093 (1+tan *> sin (20 -2a) +0-00000991 tanS*. sin (2 8 -2«) 
-0 00002233 sin a. sin 2 8 .tan X + 0 00008312 cos 2 «. cos 2 a . tan 8. 

Now this is necessarily less than what it would be were its terms all positive 

and at their maximum ; that is, than 

0 00006093 + 0 00010645 tan I + 0 00007084 tan J». 
Let us suppose that we would carry our accuracy to the nearest thousandth 

of a second of time in JR. If we put this expression = 0 001, we have 

a quadratic equation for determining the limit of 8, which resolved, will be 

found to give 0/V , 
tan 8 = 3-712; & = 74°55'2<y 

The sum of all the terms is therefore, even in the most unfavourable cases, 
less than 0",001 of time for any star whose polar distance is greater than 
15° 4f 40". Among the forty-six principal stars which compose tiie Greenwich 
catalogue, there are only two which approach this limit ; Polaris and 0 Ursae 
Minoris : the latter just fells short of it, its polar distance being 15° 5'. For 
this then there is no occasion to encumber ourselves with such conside- 
rations. The pole star is the only one in which it can ever become worth 
while ; the value of the above expression, even in its case, being less than 
0 s , 15, a quantity not measurable in any single transit of that star, though 
it may become very sensible in the mean result of a long series of obser- 
vations. 

It may be demonstrated by reasonings nearly analogous, that the sum of 
the terms of the second order in declination, assigned by M. Bessel, can 
never, even in the most unfavourable cases, amount to a single hundredth of 
a second of space, unless for stars whose declination exceeds 86° 27'. These 
terms are perfectly insensible, even in the pole star itself, and it is therefore 
needless to set them down here. 

Let us now assemble, in one formula, all the quantities above considered, 
and we shall have 

Apparent M = mean M at the beginning of the time t 
+ V.t 

+ M. sin ( © + N) 

+ M'.sin(a + JT) ^ (M) 

+ M". sin (2 0+ N") 
+ M'". sin (2 > + N'") 
+ W\ sin (2 8+ N iv ) 
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Apparent Decl. = Mean Ded. ajt the beginning of the time t " 
+ v.t 

+ m. sin (O + n) 

+ m'. sin (a .+ n 0 ) V (15) 

+ m". sin (2 O + n") 
+ m'". sin (2 D + ri") 
+ ?n*> sin (2 a + w lv ) 

The great importance of elements, so thoroughly ascertained as the places 
of the forty-six stars in the Greenwich catalogue, (as checks on all the ob- 
servations which may be made in any observatory, or zero points in the 
heavena, quite independent of all ^causes of derangement, and all sources of 
deception,) cannot be too constantly borne in mind by every practical as- 
tronomer. Without constant and unremitting reference to these, his clocks, 
his circles, his levels, and plumb-lines, will all (unless of the very first class 
of excellence) be so many continual sources of annoyance and suspicion; 
while, on the other hand, if he will only consent to take for granted these 
invaluable data, which the labour of so many excellent observers, and the 
expenditure of so large a portion of the national wealth has been devoted to 
furnish ; and waiving the fruitless (though I fear not uncommon) desire 
of rendering his observatory totally independent of all others, and ascer- 
taining, with his own instruments, all the quantities he requires, content 
himself with referring all his observations to these standards, and these alone* ; 
his work will flow easily under his hands, and he will find himself enabled 
to render his labours permanently useful to science, by devoting them to 
the accumulation of fresh results. 

But in order to avail ourselves, as much as possible, of the advantages 
afforded by the Greenwich catalogue, it is essentia] to have them ready 
at command,— not merely embodied in formula?, but developed into tables. 
It is for the purpose of facilitating the formation of such tables that the fol- 
lowing are constructed. They are merely subsidiary, and afford all that is 



* What is her© said is not meant to apply to great establishments, which it is always desirable 
to keep independent of each other ; or even (in all its force) to the observations of particular 
public bodies. But good instruments are now become so common, that there is hardly an ama- 
teur who might not chalk out a path of observation for himself, and pursue it with real advantage 
to science And honour to himself. 
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necessary for computing the corrections of the 46 stars, from the year 1820 
to 1840 inclusive, or even a longer period, without the necessity of opening a 
table of logarithms, or any other book but an ephemeris. They are grounded 
on the foregoing formula,, and computed from them. The values of M, N, 
m n, Ac. were computed by two independent computers, and the resu ts 
being found to agree were adopted. The formation of the subs,d,ary tables 
from these elements is so simple, that one only (Mr. Richardson of the 
Royal Observatory) was employed in their construction. 

Construction and Explanation of the Tables. 

Table I. contains the variation in M and Decl. : or V. t, and v. t. The 
construction of this table is extremely simple. The annual variation of each star 
divided by 365 25, gives the variation for a mean solar day. This mutiphed 
by 5 gives the variation for five days, which added perpetually to the 
former gives the variation for 1, 6, 11, 16, Ac. days to the end of the year 
These numbers, with their proper signs, added to the mean M and Decl. 
for January O 1 0 h 0 m , will give the mean places for January 1, January 0, 
January 1 1, Ac. at noon. The M is expressed in seconds of time throughout 
this and the Mowing tables. The values of M, Ac. above stated, are divided 
therefore by 15. 

Table II. contains the aberration in JR. = M. sin (O + N). And 
Table III. contains the lunar nutation in JR. = M' sin ( a + N ) 
These two tables exhibit the values of the corrections, whose titles they bear 
for every 3° of their arguments. It will be 6bserved that the arguments in 
these and the following tables are, not the longitudes O and 8 of the sun, e 
moon's node, Ac, but these longitudes plus the constant angles IS, Ir- 
respectively. The other plan might have been adopted. We m, S nt " 
calculated them for every 3° of ©, S3, Ac. commencing from 0°; ana i , 
at first sight, would appear more convenient for use, as we should then 
no occasion to use the constants N, N', Ac, in the annual computations a 
all ; but a little consideration will satisfy us that the construction actu y 
followed possesses many advantages over the other. These are, 

1 st. Facility in the construction of the tables themselves, and of course e^ 
liability to error. In making the computations, the only logarithmic sines^ 
be taken out are those of every third whole degree ; and these once copie 
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out, the table of sines need not be again opened; whereas, had we used O 
and 8 themselves for the arguments, we should have to calculate the value ' 
of ( 0 + N) &c. and look out for their logarithmic sines every time ; thus in- 
creasing, on the whole, (as a little consideration will readily show,) the 
number of openings of the table of sines in the ratio of 368 to 1, a conside- 
ration of no small importance. But the actual saving of labour by the con- 
struction resorted to is twice as great, or in the proportion of 736 to I. For, 

2dly, This Construction enables us to reduce the tables to one half of their 
magnitude. For the constants N, N', &c. not being multiples of three de- 
* grees, the arcs in the first and third quadrants will not be exact supplements 
of any of those in the second and fourth. Thus, if N = 1°, the arcs in the 
first quadrant, ifobe taken for the argument, will be (0°+l°)=F, (3°+ J°)=4° 

(87°+ 1°) = 88°; while those in the second are 91°, 94°.... 

178°; whose supplements fall between the arcs in the other series, and of course 
the table must be continued over 180° of the circumference in the place of 90. 

To counterbalance these advantages, the only objection is, that, in the use 
of the tables when computed, the constants N, N', &c. require to be added 
every time to the values of 0, 8, &c. as taken from an ephemeris ; but this 
is so trifling an operation as scarcely to deserve notice ; and as these values 
are rarely, if ever, exact multiples of 3°, no additional trouble in taking out 
proportional parts is thereby entailed. To facilitate this, the constant angles 
N, N', &c. are entered at the foot of every column, and the proportional 
parts may be ta^en out almost by inspection by means of the column entitled 
Differences for Iff. If the argument with which the table is entered be found 
on the left side, or between 0 and 180°, the sign on the left side of the column 
must be taken ; if between 180° and 360°, or, on the right, then the sign on the 
right hand must be used. 

Tables IV. and V. contain the values of the solar nutation and lunar in- 
equality : or M". sin (2© +N") and M'". sin (2 < +N'") for the same values 
of the arguments (2©+N") and (2 <c +N'"). For the convenience of the 
computer in the formation of annual tables, the values of N", N'" are 
placed opposite each star. If the argument be between 0 and 180°, the 
upper sign must be used ; if between 180° andSGCP, the lower. These tables 
are computed only for every 10° of the argument; the minuteness of the cor- 
rection, which, at its maximum, rarely exceeds of a second for the solar nu» 

vol. i. part n. 3 L 
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tation, and (except for Polaris) never amounts to JL of a second in the lunar 

inequality, renders a closer subdivision quite superfluous. ^ 

The term M*. sin (2 8 + W) scarcely ever amounts to of a second in 
mat its maximum; and instead of making a ^separate table for it we may 
compute it by Table III. In feet, the last of our equations (10) showstha 
ifwe neglect very minute quantities, we have tan N 1T =tan N , and N"— N , 
moreover, the last of the equations (11) gives 

_ . , 0-08787 cosa.tan* . 0-08737 . VWTVTcn*^ =_ 0 . 0097 M M'. 

tou ♦oWM*- 0 01 X M' the greatest error this can ever enta.1 
If then we take M 1 --°°f*JJ' M which even in the case of the pole- 
on us will never amount to 0 UUw / x w > 

star fells short of^th of a second, and for all the other stars is below 
-J_ We have therefore only to remove the significant figures of Table HI. 

r places further to the right to ma*e it serve * 

pending on 1 8, the same value of N' serving for both, observmg, now 

ever to alter the sign of the tabular value. 

V,. „„d VII., entitled Abe™.io. in 
deelintttion, nr. formed e»etl, in the »m« »»»»« •» Table. II. .nd 111., 
and require no further explanation. , 

Table VIII. gives the solar nutation in declination On executmg £ 
computation of the values of m" and n" in the formula m'. sin (2© + « ) ac 
coXgto the expressions in (1,), ^^^^SK 
same for aU the stars; its greatest value being -V ,01987 (tor yv ^ 
and its least - 0",53187 (for « Andromeda): the mean 19 - 0 ,555« tro 
"hich neither of the extremes differs more than 0",024, a quantity quite m- 
sensible. This peculiarity is taken advantage of to render one short aWe 
common to all the star*. A similar simplification takes place in ^ the to ta 
the lunar inequality, the variation in the values of rd" be.ng confined vvithm 
still narrowe'r limits: t*. -0»,08015, and -O",08736, the mean be ng 
-0",0840 ; and the greatest possible error which can arise from the use 
this mean, as common to all the stars, being 0",004. 

The values of n" and n'" being equal, are to be taken from Table a. 

The inequality in declination, depending on 3 8, may be obtamea 
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the table of lunar nutation (Table VII.) in the same way as that in A from 
Table III., by merely entering the table with the argument (2 Q + n'), in- 
stead of ( 8 + n*) } removing the significant figure in the table two places to 
the right, and altering the sign of the tabular value. 

The use of these tables is so simple as to need no explanation ; the values 
of 0, 8, and a , only requiring to be taken from an ephemeris, for the time 
of the star's culmination, to give all we want. 



3l2 




436 Tables for computing the apparent Places 

TABLE I. Annual Variation in Right Ascension and Declination. 
Argument. The day of the Year. 



Argument 


1 y Pegasi. 


2 a Cassiop. 


3 Polarii. 


4 a Arietis. 


Common 
Years. 


Bissextiles. 


in time. 


UCC. 

in space. 


ZD 

in time. 


Liec. 
in space. 


Try 

in time. 


Dec. 
in space. 


JR. 
in time. 


Dec. 
io space. 


Jan. 1 


Jan. 1 


+0.0084 


+ 0.0553 


+0.0091 


+0.0542 


+0.0404 


+ 0.0533 


+0.0092 


+0.0476 


6 


6 


.0506 


.3318 


.0544 


.3253 


.2421 


.3195 


.055C 


.2858 


11 


11 


.0928 


.6084 


.0997 


.5963 


.4439 


.5858 


.100S 


.5240 


16 


16 


.1349 


.8849 


.1450 


.8674 


.6457 


.8520 


.1467 


.7622 


21 


21 


.1771 


1.1614 


.1903 


1.1384 


.8475 


1.1183 


.1926 


1.0004 


26 


26 


.2192 


.4379 


.2356 


.4094 


1.0493 


.3845 


.2385 


.2386 


31 


31 


.2614 


.7144 


.2809 


.6805 


.2510 


.6508 


.2843 


.4768 


Feb. 5 


Feb. 5 


.3036 


.9910 


.3262 


.9515 


.4528 


.9170 


.3302 


.7150 


10 


10 


.3437 


2.2675 


.3716 


2.2226 


.6546 


2.1833 


.3760 


.9532 


15 


15 


.3879 


.5440 


' .4169 


.4936 


.8564 


.4496 


.4219 


2.1914 


20 


20 


.4301 


.8205 


•4622 


. .7647 


2.0582 


.7158 


.4678 


Am 


25 


25 


.4722 


3.0971 


.5075 


3.0357 


.2599 


.9821 


.5136 


.6678 


Mar. 2 


Mar. 1 


.5144 


.3736 


.5528 


.3068 


.4617 


3.2483 


.5595 


.9060 


7 


6 


.5566 


.6501 


.5981 


.5778 


.6635 


.5146 


.6053 


3.1441 


12 


11 


.5987 


.9266 


.6434 


.8489 


.8653 


.7808 


.6512 


.382J 


17 


16 


.6409 


4.2032 


.6887 


4.1199 


3.0670 


4.0471 


.6971 


.6205 


22 


21 


.6830 


.4797 


.7341 


.3910 


.2688 


.3133 


.7429 


.8587 


27 


26 


.7252 


.7562 


.7794 


.6620 


.4706 


.5796 


.7888 


4.0969 


April 1 


31 


.7674 


5.0327 


.8247 


.9331 


.6724 


.8459 


.8346 


.3351 


6 


April 5 


.8095 


.3092 


.8700 


5^041 


.8742 


5.1121 


.8305 


.5733 


11 


10 


.8517 


.5858 


.9153 


.4751 


4.0759 


.3784 


.9264 


.8115 


16 


15 


.8939 


.8623 


.9606 


.7462 


.2777 


' .6446 


.9722 


5.0497 


21 


20 


.9360 


6.1388 


1.0059 


6.0172 


.4J95 


.9109 


1.0181 


.2878 


26 


25 


.9782 


.4153 


.0512 


.2883 


.6813 


6.1771 


.0639 


.5261 


May 1 


30 


1.0203 


.6919 


.0966 


.5593 


.8831 


.4434 


.1098 


.7643 


6 


May 5 


.0625 


.9684 


.1419 


.8304 


5.0848 


.7097 


.1556 


6.0025 


11 


10 


.1047 


7.2449 


.1872 


7.1014 


.2866 


.9759 


.2015 


.2407 


1 ft 

10 


i & 
id 


1 A AO 

• 1468 


•5214 


.2325 


.3725 


.4884 


7.2422 


.2474 


.4785 


21 


20 


.1890 


.7979 


.2778 


.6435 


.6902 


.5084 


.2932 


.7170 


26 


25 


.2312 


8.0745 


.3231 


.9146 


.8020 


.7747 


.3391 


.9552 


31 


30 


.2733 


.3510 


.3684 


8.1856 


6.0937 


8.0409 


.3849 


7.1934 


June 5 


June 4 


.3155 


.6275 


.4137 


.4567 


.2955 


.3072 


.4308 


.4316 


10 


0 


.3576 


.9040 


.4590 


.7277 


.4973 


.5734 


.4767 


.6698 


15 


14 


.3998 


9.1806 


.5044 


.9988 


.6991 


.8397 


.5225 


.9080 
+8.1462 


20 


19 


+ 1.4420 


+ 9.4571 


+ 1.5497 


+9.2698 


+ 6.9009 


+9.1060 


+ 1.5684 
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Argument. 


1 y Pegasi. 


2 a Cassiop. 


3 Polaris. 


4 a Arietis. 


Common 
Years. 


Bissextiles. 


JR 
in time. 


Dec. 
in space. 


JR 
in time. 


Dec. 
in space. 


JR 
in time. 


Dec. 
in space. 


JR 


Dec. 

in nnnrA 
III BUalCi 


.Tunp 


Juoe 24 




V. / 330 




j_ o Kino 




1 Q 97ao 
T V*Of ZZ 


1 1 ft 1 ACt 
1.0142 


1 Q OQAA 

+ 0.3044 


30 


29 


.5263 


10.0101 


.6403 


.8119 


.3044 


.6385 


.6601 


.6226 


July 5 


July 4 


.5685 


.2867 


.6856 


10.0829 


.5062 


.9047 


.7060 


.8608 


10 


9 


.6106 


.5632 


.7309 


.3540 


.7080 


10.1710 


.7518 


9.0990 


15 


14 


.6528 


.8397 


.7762 


.6250 


.9098 


.4372 


.7977 


.3372 


20 


19 


no fin 


11 11 R<9 




.8961 


8.1115 


• l\JOO 


• 0^*30 


.0/ 


25 


24 


.7371 


.3927 


.8669 


11.1671 


.3133 


.9697 


.8894 


.8136 


30 


29 


.7793 


.6693 


.9122 


.4382 


.5151 


11.2360 


.9353 


10.0517 


Ang. 4 


Aug. 3 


.8214 


.9458 


.9575 


.7092 


.7169 


.5023 


.9811 


.2899 


9 


8 


.8636 


12.2223 


2.0028 


.9803 


.9187 


.7685 


2.0270 


.5281 


14 


13 


• tfyJDo 


AQ&Q. 


•u*io I 


12.2513 


9. 1204 


12.0348 


.0728 


.7663 


19 


18 


.9479 


.7754 


.0934 


.5224 


.3222 


.3010 


.1187 


11.0045 


24 


23 


.9901 


13.0519 


.1387 


.7934 


.5240 


.5673 


•1645 


.2427 


29 


28 


2.0323 


.3284 


.1840 


13.0645 


.7258 


.8335 


.2104 


.48C9 


Sept. 3 


Sept. 2 


.0744 


.6049 


.2294 


.3355 


.9276 


13.0998 


.2563 


.7191 


o 
o 


19 
1 


1 1 Aft 

• 1100 




• Zl 4/ 


.6066 


10 1293 


.3661 


.3021 


.9573 


13 


12 


.1587 


14.1580 


.3200 


.8776 


.3311 


.6323 


.3480 


12*1955 


18 


17 


.2009 


.4345 


.3653 


14.1487 


.5329 


.8986 


.3938 


.4337 


23 


22 


.2431 


.7110 


.4106 


.4197 


.7347 


14.1648 


.4397 


.6719 


28 


27 


,2852 


.9875 


.4559 


.6907 


.9365 


.4311 


.4856 


.9101 


v/ii. 3 


V/Cl. Z 


.3274 


15.2041 


am o 
• oui z 


.9618 


11.1382 


.6973 


.5314 


13.1483 


8 


- 7 


.3696 


.5406 


.5465 


15.2328 


.3400 


.9636 


.5773 


.3864 


13 


12 


.4117 


.8171 


.5918 


.5039 


.5418 


15.2298 


.6231 


.6246 


18 


17 


.4539 


16.0936 


.6372 


.7749 


.7436 


.4961 


.6690 


.8628 


23 


22 


.4961 


.3702 


.6825 


16.0460 


.9454 


.7624 


.7149 


14.1010 




27 


•5382 


.6467 


•7278 


.31 /U 


19 1471 


1 6.0286 


.7607 


.3392 


Nov. 2 


Nov. 1 


.5804 


.9232 


.7731 


.5881 


.3489 


.2949 


.8066 


.6774 


7 


6 


.6225 


17.1997 


.8184 


.8591 


.5507 


.5611 


.8524 


.8156 


12 


11 


.6647 


.4763 


.8637 


17.1302 


.7525 


.8274 


.8983 


15.0538 


17 


16 


.7069 


.7528 


.9090 


.4012 


.9543 


17.0936 


.9441 


.2920 


ao 

*z 


21 


.7490 


18.0293 


.9543 


.07x3 


13. LOW 


.3599 


.9900 


.5302 


27 


26 


.7912 


.3058 


.9997 


.9433 


.3578 


.6261 


3.0359 


.7684 


Dec. 2 


Dec. 1 


•8334 


tOOZO 


3.0450 


18.2144 


.5596 


.8924 


.0817 


16.0066 


7 


6 


.8755 


ftSftQ 
• Ofosr 


.0903 


.4854 


.7614 


.18.1587 


.1276 


.2448 


12 


11 


.9177 


19.1354 


.1356 


.7565 


.9631 


.4249 


.1734 


.4830 


17 


16 


.9598 


.4119 


.1809 


19.0275 


14.1649 


.6912 


.2193 


.7211 


22 


21 


3.0020 


.6884 


.2262 


.2986 


.3667 


.9574 


.2652 


.9593 


27 


26 


.0442 


.9650 


.2715 


.5696 


.5685 


19.2237 


.3110 


17.1975 


32 


31 


+3.0863 


+20.2415 


+ 3.3168 


+ 19.8407 


+ 14.7703 


+ 19.4899 


+ 3.3569 


+ 17.4357 
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TABLE I. Annual Variation in Right Ascension and Declination. 



Argument. The Day of the Year. 



Argument. 



Common 
Years. 



Bissextiles. 



Jan. 1 
6 
11 
16 
21 

26 
31 
Feb. 5 
10 
15 

20 
25 
Mar. 2 
7 
12 

17 
22 
27 
April 1 
6 

11 
16 
21 
26 
May 1 

6 
11 
16 
21 
26 

31 

Jane 5 
10 
15 
20 



Jan. 1 
6 
11 
16 
21 

26 
31 

Feb. 5 
10 
15 

20 
25 
Mar. 1 
6 
11 

16 
21 
26 
31 

April 5 

10 
15 
20 
25 
30 

May 5 
10 
15 
20 
25 

30 
June 4 
9 

14 
19 



a Ceti. 



JR 
in time. 



Dec. 
in space. 



+0.0085 
.0513 
.0940 
.1367 
.1794 

.2221 
.2648 
.3075 
.3502 
.3929 

.4357 
.4784 
.5211 
.5638 
.6065 

.6492 
.6919 
.7346 
.7773 
.8201 

.8628 
.9055 
.9482 
.9909 
1.0336 

.0763 
.1190 
.1617 
.2045 
.2472 



+0.0404 
.2423 
.4442 
.6461 
.8481 

1.0500 
.2519 
.4538 
.6557 
.8576 

2.0596 
.2615 
.4634 
.6653 
.8672 

3,0691 
.2711 
.4730 
.6749 
.8768 

4.0787 
.2806 
.4826 
.6845 
.8864 

5.0883 
.2902 
.4921 
.6941 
.8960 



.2899 
.3326 
.3753 
.4180 
+ 1.4607 



a Persei. 



M 
in time. 



6.0979 
.2998 
.5017 
.7036 
+6.9056 



+0.0115 
.0690 
.1265 
.1840 
.2415 

.2990 
.3565 
.4140 
.4715 
.5290 

.5864 
.6439 
.7014 
.7589 
.8164 

.8739 
.9314 
.9889 
1.0464 
.1039 

.1614 
.2189 
.2764 
.3339 
.3914 

.4489 
.5064 
.5639 
.6214 
.6789 

.7363 
.7938 
.8513 
.9088 
+ 1.9663 



Dec. 
in space. 



Aldebaran. 



in time. 



+0.0370 
.2218 
.4066 
.5914 
.7762 

.9610 
4.1458 
.3306 
.5154 
.7002 

.8850 
2.0698 
.2546 
.4394 
.6242 

.8090 
.9938 
3.1786 
.3635 
.5483 

.7331 
.9179 
4.1027 
.2875 
.4723 

.6571 
.8419 
5.0267 
.2115 
.3963 



.5811 
.7659 
.9507 
6.1355 



Dec. 
in space. 



+0.0094 
.0563 
.1033 
.1503 
.1972 

.2442 
.2911 
.3381 
.3850 
14320 

.4789 
.5259 
.5728 
.6198 
.6667 

.7137 
.7607 
.8076 
.8546 
.9015 

.9485 
.9954 
1.0424 
.0893 
.1363 

.1832 
.2302 
.2771 
.3241 
.3711 



.4180 
.4650 
.5119 
.5589 



in time. 



Capefla. 

in space. ■ 



+6.3203 +1.6058 



+0.0218 
.1306 
.2394 
.3483 
.4571 

.5659 
.6747 
.7836 
.8924 
1.0012 

.1101 
.2189 
.3277 
.4366 
.5454 

.6542 
.7630 
.8718 
.9807 
2.0895 

.1984 
.3072 
.4160 
.5249 
.6337 

.7425 
.8513 
.9602 
3.0690 
.1778 

.2867 
.3955 
.5043 
.6132 
+3.7220 



+0.0121 
. .0724 
.1328 
.1932 
.2536 

.3139 
.3743 
.4347 
.4950 
.5554 

.6158 
.6761 
.7365 
.7969 
.8573 

.9176 
.9780 
1.0384 
.0987 
.1591 

.2195 
.2798 
.3402 
.4006 
.4610 

.5213 
.5817 
.6421 
.7024 
.7628 

.8232 
.8835 
.9439 
2.0043 
+2.0647 



+0.0125 
.0751 
.1376 
.2002 
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Argument. 


5 a Ceti. 


6 a Persei. 


7 Aldebaran. 


8 Capella. 


Common 


Bissextiles. 


JR 


Dec. 


M 


Dec. 


JR 


Dec. | 


JR 


Dec. 


Years. 


in time. 


in space. 


in time. 


in space. 


in time. 


in space. 


in time. 


in space. 


June 25 


June 24 


+ 1.5034 


+7.1075 


+2.0238 


+ 6.5051 


+ 1.6528 


+ 3.8308 


+ 2.1250 


+ 2.2021 


30 


29 


.5461 


.3094 


.0813 


.6899 


ROOT 




• 10U4 


.2647 


July 5 


July 4 


.5888 


.5113 


.1388 


nn A*f 

•8747 


VAM 
• / 40 / 




•ZfkD a 


.3272 


10 


9 


.6316 


.7132 


•1963 


7.0596 


VQ9.fi 


• ID/ o 




•3898 


15 


14 


.6743 


.9151 


•2538 


a AAA 


.8406 


.2661 


•3665 


.4524 


20 


19 


.7170 


8.1171 


.3113 


.4292 


.8876 


.3750 


.4269 


.5149 


25 


24 


.7597 


.3190 


.3688 


.6140 






•tot* 


.5775 


30 


29 


.8024 


.5209 


.4263 


.7988 


Oftl t\ 


•5926 


.5476 


.6400 


Aug. 4 


Aug. 3 


.8451 


.7228 


•4838 


.9836 


Z>UZo4 


.7015 


•6080 


•7026 


9 


8 


.8878 


.9247 


.5413 


8.1684 




.8103 


.6684 


.7652 


14 


13 


.9305 


9.1266 


.5988 


.3532 


.1223 


•9191 


TOOT 

.7287 


kft979 


19 


18 


.9732 


.3286 


.6563 


.5380 


1 f\09. 

• ioyo 




.7891 


.8903 


24 


23 


2.0160 


.5305 


.7138 


.7228 


•ziuz 


•1368 


.8495 


.9528 


29 


28 


.0587 


.7324 


.7713 


.9076 


.2632 


.2456 


.9098 


3.0154 


Sep. 3 


Sep. 2 


.1014 


.9343 


•8288 


9.0924 


•3101 


•3544 


■ .9702 


.0780 


8 


7 


.1441 


10.1362 


.8862 


.2772 


•3571 


•4633 


3.0306 


\AC\1\ 
• 11\JD 


13 


12 


.1868 


.3382 


.9437 


•4620 


.A(\m 


.5721 


.0909 


•2031 


18 


17 


.2295 


.5401 


3.0012 


.6468 


AZlCl 


•6809 


.1513 


•2656 


23 


22 


.2722 


.7420 


.0587 


.8316 


•*tsfoU 


.7393 


.2117 


•3282 


28 


27 


.3149 


.9439 


.1162 


10.0164 


•5449 


.8986 


.2721 


•3908 


Oct. 3 


Oct. 2 


.3576 


11.1458 


.1737 


.2012 


.5919 


6.0074 


.3324 




8 


7 


.4004 


.3477 


.2312 


.3860 


A9QQ 

•Oooo 


.1162 


.3928 


.5159 


13 


12 


.4431 


.5497 


.2887 


.5708 




•2251 


.4532 


•5784 


18 


17 


.4858 


.7516 


.3462 


.7557 


•7327 


•3339 


.5135 


.6410 


23 


22 


.5285 


.9535 


.4037 


.9405 


•7797 


AAV? 


.5739 


.7036 


28 


27 


.5712 


12.1554 


.4612 


11.1253 


.8266 


.5516 


ft 9 A 9 

•0343 


7flfi1 

• /OOl 


Nov. 2 


Nov. 1 


.6139 


.3573 


.5187 


.3101 


•8736 




.6946 


.8287 


7 


6 


.6566 


.5592 


.5762 


.4949 


.9205 


.7692 


.7550 


.8912 


12 


11 


.6993 


.7612 


.6337 


.6797 


•9675 


lO/Ol 


.8154 


.9538 


17 


16 


.7420 


.9631 


.6912 


.8645 


3.0144 


iVoQv 


.8758 


4.0164 


22 


21 


.7848 


13.1650 


.7487 


12.0493 


.0614 


7.0957 


09/31 


.0789 


27 


26 


.8275 


.3669 


.8062 


.2841 




.2045 


.9965 


.1415 


Dec. 2 


Dec. 1 


.8702 


.5688 


.8637 


.4180 


• 1553 


.3134 


4.0569 


.2040 


7 


6 


.9129 


.7707 


.9212 


.6037 


.2023 


A octet 


.1172 


.2666 


12 


11 


.9556 


.9727 


.9787 


.7885 


.2492 


.5310 


•1776 


.3292 


17 


16 


.9983 


14.1746 


4.0361 


*9733 


.2962 


.6399 


.2380 


.3917 


22 


21 


3.0410 


.3765 


.0936 


13.1581 


.3431 


.7487 


• .2983 


.4543 


27 


26 


.0837 


.5784 


.1511 


.3429 


.3901 


.8575 


.3587 


.5168 


32 


31 


+ 3.1264 


+ 14.7803 


+ 4.2086 


+ 13.5277 


+ 3.4370 


+7.9664 


+4.4191 


j +4.6794 
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TABLE I. Annual Variation in Right Ascension and Declination. 
Argument. The Day of the Year. 



Argument. 



Rigei. 



10 0 Tauri. 



Common 
Years. 


Bissextiles. 


-TV. 

in time. 


Dec. 
in space. 


in time. 


Dec. 
in space. 


A 

in time. 


Dec. 
in space. 


in time. 


Dec. 
in space. 


Jan. 1 


Jan. 1 


+0.0079 


— 0.0135 


+ 0.0103 


+0.0105 


+ 0.0089 


+0.0038 


+0.0071 


+0.0119 


6 


6 


.0473 


.0808 


.0621 


.0629 


.0534 


.0225 


.0429 


.0716 


11 


11 


.0867 


.1482 


.1138 


.1153 


.0979 


.0413 


.0786 


.1319 


16 


16 


.1262 


.2155 


.1656 


.1678 


.1424 


.0600 


.1143 


.1910 


21 


21 


.1656 


.2829 


.2173 


.2202 


.1869 


.0788 


.1501 


.2507 


26 


26 


.2050 


.3502 


.2691 


.2726 


.2313 


.0975 


.1858 


.3104 


31 


31 


.2444 


.4176 


.3208 


.3251 


.2758 


.1163 


.2215 


.3700 


Feb. 5 


Feb. 5 


.2839 


.4849 


.3726 


.3775 


.3203 


.1350 


.2572 


.4297 


10 


10 


.3233 


.5523 


.4243 


.4299 


.3648 


.1538 


.2930 


.4894 


15. 


15 


.3627 


.6196 


.4761 


.4824 


.4093 


.1725 


-3287 


.5491 


20 


20 


.4021 


.6870 


.5278 


.5348 


.4538 


.1913 


.3644 


.6088 


25 


25 


.4416 


.7543 


.5795 


.5872 


.4983 


.2101 


.4002 


.6685 


Mar. 2 


Mar. 1 


.4810 


.8217 


.6313 


.6396 


.5428 


.2288 


.4359 


.7282 


7 


6 


.5204 


.8890 


.6830 


.6921 


.5873 


.2476 


.4716 


.7878 


12 


11 


.5598 


.9564 


.7348 


.7445 


.6318 


.2663 


- .5074 


8475 


17 


16 


.5993 


1.0237 


.7865 


.7969 


.6762 


.2851 


.5431 


.9072 


22 


21 


.6387 


.0911 


.8383 


.8494 


.7207 


.3038 


.5788 


.9660 


27 


26 


, .6781 


.1584 


.8900 


.9018 


.7652 


.3226 


.6145 


1.0266 


April 1 


31 


.7175 


.2257 


.9418 


.9542 


.8097 


.3413 


.6503 


.0863 


6 


April 5 


.7570 


.2931 


.9935 


U0067 


.8542 


.3601 


.6860 


.1460 


11 


10 


.7964 


.3605 


1.0452 


.0591 


.8987 


.3789 


.7217 


.2056 


16 


15 


.8358 


.4278 


.0970 


.1115 


.9432 


.3976 


.7575 


.2653 


21 


20 


- .8752 


.4952 


.1487 


.1639 


.9877 


.4164 


.7932 


.325C 


26 


25 


.9147 


.5625 


.2005 


.2164 


1.0322 


.4351 


.8289 


.3847 


May 1 


30 


.9541 


.6299 


.2522 


.2688 


.0767 


.4539 


.8646 


.4444 


6 


May 5 


.9935 


.6972 


.3040 


• OZ1Z 


1 €>1 1 

.121 1 




.9004 


.5041 


11 


10 


1.0329 


.7646 


.3557 


.3737 


.1656 


.4914 


.9361 


.5637 


16 


15 


.0724 


.8319 


.4075 


.4261 


.2101 


.5101 


.9718 


.6234 


21 


20 


.1118 


.8993 


.4592 


.4785 


.2546 


.5289 


1.0076 


.6831 


26 


25 


.1512 


.9666 


.5110 


.5310 


.2991 


.5476 


.0433 


.7428 


31 


30 


.1906 


2.0340 


.5627 


.5834 


.3436 


.5664 


.0790 


.8025 


June 5 


June 4 


.2301 


.1014 


.6144 


.6358 


.3881 


.5852 


.1147 


.8622 


10 


9 


.2695 


.1687 


.6662 


.6882 


.4326 


.6039 


.1505 


.921S 


15 


14 


.3089 


.2361 


.7179 


.7407 


.4771 


.6227 


.1862 


.9815 


20 


19 


+ 1.3483 


+2.3034 


+ 1.7697 


+ 1.7931 


+ 1.5216 


+0.6414 


+ 1.2219 


+2.0412 



11 a Ononis. 



12 Sirius. 
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Argument. 


9 Rigel. 


10 fi Tauri. 


11 a Orionis. 


12 Sirius. 


Common 




JR 


Dec. 


JR 


Dec. 




Dec. 


JR 


Dec. 


Years. 


Bissextiles. 


in time. 


in space. 


in time. 


in space. 


in time. 


in space. 


in time. 


in space. 


June 25 


June 24 


+ 1.3878 


—2.3708 


+ 1.8214 


+ 1.8455 


+ 1.5660 


+0.6602 


+ 1.2577 


+2.1009 


•A 

3U 


90 




.438 1 


079a 
•0/ oz 


.8980 


* fiioi 


A7Q0 

.0/ oy 


•zy34 


1 AAA 

.1000 


Tnlv K 
JUlJ 0 


ThIv 4 


.4000 


.ouoo 






.uoou 


.oy / / 


.ozyl 


.2203 


in 




•OUOU 


.0728 


•y / u/ 


9 009ft 


•6995 


71 /?4 
• / 10** 


4A4Q 
•5048 


aonn 


1 1 


1 4 


14 
.0400 


fKAna 


9 H9ft4 


.0553 


7440 


7419 
./ OOZ 


Ann ft 

•4vW0 


9 9(i'7 

.33V7 


20 


19 


.5849 


.7075 


.0801 


.1077 


.7885 


.7540 


.4363 


.3993 


25 


a A 


•6243 


.7749 


1410 


1 flnl 


ft440 


779T 
• / /*/ 


4790 


/f con 


30 


29 


.6637 


.8422 


1 Q4fi 


9191 


R771 
.0/ / 0 


701 1 

• / y lo 


107ft 


.010/ 


AUg. 4 


Aug. 3 


.7032 


.9096 




.2650 


.9220 


ft109 
•OlUZ 


• 5435 


17tt4 
.0754 




8 


•7426 


.9769 


9ft71 
•2o/ 1 


4174 

• O 1 / Tt 


.9665 


ft 9 0O 


. 5792 


A9Q1 

•0381 


14 


13 


.7820 


3.0443 


.3389 


.3698 


2.0109 


.8477 


.6150 


.6978 


iy 


18 


•8214 


.1110 


•oyuo 


4994 


0554 


ft fifi 1 
.0000 


.6507 


7174 
./ 0/4 


24 


23 


.8609 


.1790 


4494 


4747 


.0999 


ftftl9 


.6864 


Q17I 
.81/ 1 


29 


28 


.9003 


.2463 


4041 


1971 


.1444 


? 0040 


.7221 


.8/00 


Sept. 3 


Sept. 2 


.9397 


.3137 


1410 

.04oy 




.1889 


Q997 


.7579 


04A1 

.yooo 


8 


7 


.9791 


.3810 


.5976 


.6320 


.2334 


.9415 


.7936 


.9962 


13 


12 


2.0186 


.4484 


A404 


.6844 


.2779 


.9603 


.8293 


9 0550 


18 


17 


.0580 


.5157 


*rni 1 

,/Ull 




3224 


0700 
•y / 9\j 


.8651 


1 1 ifi 

• 1 liJU 


23 


22 


.0974 


•5831 


• / 0*0 


7ft 04 


3669 


.9978 


.9008 


.1752 


28 


27 


.1368 


.0004 


R04fi 
•OU40 


.8417 


.4114 


1.0165 


.9365 


.2349 


Oct. 3 


Oct. 2 


.1763 


.7178 


.8563 


.8941 


.4558 


.0353 


.9722 


.2946 


8 


7 


.2157 


.7851 




Q4fifi 


5003 


.0540 


2.0080 


.3543 


13 


12 


.2551 


.8525 


.yoyo 


ooon 
.yyyu 


144ft 


079ft 


.0437 


.4140 


18 


17 


•2945 


.9198 


• A1 1 ft 
3.U110 


« 0114 


5893 


.0915 


.0794 


.4737 


23 


22 


.3340 


.9872 


•U033 


1O40 


6338 


.1103 


.1152 


.5334 


28 


27 


.3734 


4.0545 


.1150 


.1563 


.6783 


.1291 


. iouy 


ensn 

.oysc 


Nov. 2 


AT i 

Nov. 1 


.4128 


.1219 


.1000 


9087 


799ft 


.1478 


.1866 


.6527 


7 


6 


.4522 


• 1892 


.Zl50 


9fi1 1 


.7673 


.1666 


.2223 


.7124 


12 


11 


.4917 


.2566 


.2703 


91 4fl 


fti ift 


.1853 


.2581 


.7721 


17 


16 


.5311 


.3239 


.3220 


9rtfiH 


.8563 


.2041 


.2938 


.8318 


22 


21 


.5705 


.3913 


.3738 


.4184 


.9007 


.2228 


400R 

.3zyO 


R01 1 
.oy 1 0 


27 


26 


.6099 


.4586 


.4255 


A TOO 


0419 


.2416 


.3653 


.9511 


Dec. 2 


Dec. 1 


.6494 


.5260 


.4773 


.5233 


0807 

.yoy / 


.2603 


.4010 


4.0108 


7 


6 


.6888 


.5933 


.5290 


,01 01 


3.U34Z 


.2791 


.4367 


.0705 


.12 


11 


.7282 


.6607 


.5808 


.6282 


.0787 


.2978 


.4724 


.1302 


1 17 


16 


.7676 


.7280 


.6325 


.6806 


.1232 


.3166 


.5082 


.1899 


1 22 


21 


.8071 


.7954 


.6842 


.7330 


.1677 


.3354 


.5439 


.2496 


27 


26 


.8465 


.8627 


. .7360 


.7854 


.2122 


.3541 


.5796 


.3093 


32 


31 


+2.8859 


-4.9301 


+ 3.7877 


+ 3.8379 


+ 3.2567 


+ 1.3729 


+2.6154 


+4.3690 
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44® Tables for computing the apparent Places 

TABLE I. Annual Variation in Right Ascension and Declination. 



Argument. The Day of the Year. 



Argument. 


13 Castor. 


14 Procyon. 


1 *i Pn 
1 D x O 


ilux. 


16 a Hydra. 


Common 
Years. 


Bissextiles. 


JR 
in time. 


Dec. 
in space. 


JR 
in time. 


Dec. 
in space. 


JR 
in time. 


Dec. 
in space. 


JR 
in time. 


Dec. 
in space. 


Jan. 1 


Jan. 1 


-1-0 0105 


—0.0193 


+0.0086 


—0.0234 


+0.0101 


-0.0219 


+0.0081 


+0.0416 


6 


6 


.0632 


.1160 


.0517 


.1403 


.0606 


.1314 


.0485 


.2495 


14 


11 


.1159 


.2126 


.0949 


.2572 


.1111 


.2409 


.0888 


.4575 


16 


16 


.1687 


.3093 


.1380 


.3741 


.1616 


- .3504 


.1292 


.6654 


21 


21 


.2214 


.4059 


.1811 


.4910 


.2122 


.4600 


.1696 


.8733 


26 


26 


.2741 


.5026 


.2242 


.6079 


.2627 


.5695 


.2100 


1.0813 


31 


31 


.3268 


.5992 


.2674 


.7248 


.3132 


.6790 


.2504 


.2892 


Feb. 5 


Feb. 5 


.3795 


.6959 


.3105 


.8417 


.3637 


.7885 


.2908 


.4972 


10 


10 


.4322 


.7925 


.3536 


.9586 


.4142 


.8980 


.3311 


.7051 


15 


15 


.4849 


.8891 


.3967 


1.0755 


.4647 


1.0075 


.3715 


.9130 


20 


20 


.5376 


.9858 


.4398 


.1924 


.5152 


.1170 


.4119 


2.1210 


25 


25 


.5903 


1.0824 


.4830 


.3093 


.5658 


.2266 


.4523 


.3289 


Mar. 2 


Mar. 1 


.6430 


.1791 


.5261 


.4263 


.6162 


.3361 


.4927 


.5369 


7 


6 


.6957 


.2757 


.5692 


.5432 


.6668 


.4456 


.5331 


.7448 


12 


11 


.7484 


.3724 


.6123 


.6601 


.7173 


.5551 


.5734 


.9527 


17 


16 


.8011 


.4690 


.6554 


.7770 


.7678 


.6646 


.6138 


3.1607 


22 


21 


.8538 


.5657 


.6986 


.8939 


.8183 


.7741 


.6542 


.3686 


27 


26 


.9065 


.6623 


.7417 


2.0108 


.8688 


.8836 


.6946 


.5766 


April 1 


31 


.9592 


.7590 


.7848 


.1277 


.9194 


.9932 


.7350 


.7845 


6 


April 5 


1.0119 


.8556 


.8279 


.2446 


.9699 


2.1027 


. .7754 


.9924 


11 


10 


.0646 


.9522 


.8710 


.3615 


1.0204 


.2122 


.8157 


4.2004 


16 


15 


.1173 


2.0489 


.9142 


.4784 


.0709 


.3217 


.8561 


.4083 


21 


20 


.1700 


.1455 


.9573 


.5953 


.1214 


.4312 


.8965 


.6163 


26 


25 


.2227 


.2422 


1.0004 


.7122 


.1719 


.5407 


.9369 


.8242 


May 1 


30 


.2754 


.3388 


.0435 


.8291 


.2224 


.6502 


.9773 


5.0321 


5 


May 5 






•UoOO 




.2730 


.7598 


1.0177 


.2401 


11 


* 10 


.3808 


.5321 


•1298 


3.0629 


.3235 


.8693 


.0580 


.4480 


16 


15 


.4335 


.6288 


.1729 


.1798 


.3740 


.9788 


.0984 




21 


20 


.4863 


.7254 


.2160 


.2967 






.1388 


.8639 


26 


25 


.5390 


.8221 


.2591 


.4137 


.4750 


.1978 


.1792 


6.0718 


31 


30 


.5917 


.9187 


.3023 


.5306 


.5255 


.3073 


.2196 


.2798 


June 5 


June 4 


.6444 


3.0154 


.3454 


.6475 


.5760 


.4168 


.2600 


.4877 
.6957 


10 


9 


.6971 


.1120 


.3885 


.7644 


.6266 


.5264 


.3003 


15 


14 


.7498 


.2086 


.4316 


.8813 


.6771 


.6350 


.3407 


.9036 


20 


10 


+ 1.8025 


— 3.3053 


+ 1.4747 


-3.9982 


+ 1.7276 


-3.7454 


+ 1.38H 


+7.1115 
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Argument. 



IS 



Castor. 



14 Procyon. 



Common 
Years. 


Bissextiles. 


JR 
in time. 


Dec. 
in space. 


JR 
in time. 


Dec. 
in space. 


JR 
in time. 


Dec. 
in space. 


JR 
in time. 


Dec. 
in space. 


June 25 


June 24 


+ 1.8552 


-3.4019 


+ 1.5179 


-4.1151 


+ 1.7781 


-3.8549 


+ 1.4215 


+7.3195 


30 


29 


.9079 


.4986 


.5610 


.2320 


.8286 


.9644 


.4619 


.0274 


July 5 


July 4 


.9606 


.$952 


.6041 


.3489 


•8791 


4.0739 


.5022 


•7304 


10 


9 


2.0133 


.6919 


.6472 


.4658 


.9296 


.1834 


.5426 


O A 99 

•9433 


15 


14 


.0660 


.7885 


.6903 


.5827 


.9801 


.2929 


.5830 


O.1012 


20 


19 


.1187 


.8852 


.7335 


.6996 


2.0307 


.4025 


.6234 


.3592 


25 


24 


.1714 


.9818 


.7766 


.8165 


.0812 


.5120 


.6638 


.00/ 1 


•A 

30 


29 


.2241 


4.0785 


.8197 


.9334 


.1317 


.6215 


.7042 


77 


A llrr A 

Aug, 4 


Aug. 3 


.2768 


.1751 


.8628 


5.0503 


.1822 


.7310 


.7445 


Q09/I 


9 


8 


.3295 


.2718 


.9059 


.1672 


.2327 


.8405 


.7849 


0 1 ono 


14 


13 


.3822 


.3684 


.9491 


.2842 


.2832 


.9500 


.8253 


.3989 


19 


18 


.4349 


.4650 


.9922 


.4011 


.3337 


5.0595 


.8657 


•6068 


24 


23 


.4876 


.5617 


2.0353 


.5180 


.3843 


.1691 


.9061 


• OAfto 


20 


28 


.5403 


.6583 


.0784 


.6349 


.4348 


.2786 


.9465 


in 0997 


aept. 3 


Sept. 2 


.5930 


.7550 


.1216 


.7518 


.4853 


.3881 


.9868 




8 


7 


.6457 


.8516 


.1647 


.8687 


.5358 


.4976 


2.0272 


.4386 


i 9 

13 


12 


.6984 


.9483 


.2078 


.9856 


.5863 


.0U7 1 


.U070 


.6465 


1 fi 


17 


.7511 


5.0449 


.2509 


6.1025 


•6368 


*T1 Aft 


. lUoU 


.8545 


94 

za 


22 


.8039 


.1416 


.2940 


•2194 


.6873 


.820 1 


1 AQA 

.1484 


11.0624 


2© 


27 


.8566 


.2382 


.3372 


.3363 


.7379 


.9307 


1 QQQ 

.looo 


.2703 


Oct. 3 


Oct. 2 


.9093 


.3349 


.3803 


.4532 


.7884 


6.0452 


.2291 


.4783 


8 


7 


.9620 


.4315 


.4234 


.5701 


.8389 


.1547 


•2695 


.6862 


13 


12 


3.0147 


.5282 


.4665 


.6870 


.8894 


a ft AG 
.2042 


.3U99 


.8942 


1 o 
lo 


17 


.0674 


.6248 


• 5096 


.8039 


.9399 


.3737 


•30U3 


12.1021 


23 


22 


.1201 


.7214 


.5528 


.9208 


.9904 


A CM 

•4o32 


.39U/ 


.3100 


28 


27 


.1728 


.8181 


.5959 


7.0377 


3.0409 


.5927 


.4311 


.5180 


Nov. 2 


Nov. 1 


.2255 


.9147 


.6390 


.1546 


.0915 


.7023 


Aft A 

.4714 


.7259 


7 


6 


.2782 


6.0114 


.6821 


.2716 


.1420 


CI 1 Q 

.ol lo 


•01 lo 


.9339 


la 
12 


11 


.3309 


.1080 


.7252 


.3885 


.1925 


.921 3 


•0022 


13.1418 


17 


16 


.3836 


.2047 


.7684 


.5054 


.2430 


7.U3U8 


una r 
•0920 


.3497 


22 


21 


.4363 


» 

.3013 


.8115 


.6223 


.2935 


.1403 


.6330 


.5577 


27 


26 


.4890 


.3980 


.8546 


.7392 


.3440 


.249© 


ft"* 9/t 
.0734 


.7656 




Dec. 1 


.5417 


.4946 


.8977 


.8561 


.3945 


.3593 


•7 lot 


.9736 


7 


6 


.5944 


.5913 


.9409 


.9730 


.4451 


A/ton 
,40o9 


.7041 


14.1815 


12 


11 


.6471 


.6880 


.9840 


8.0899 


.4956 


.5784 


.7945 


.3894 


17 


16 


.6998 


.7845 


3.0271 


.2068 


.5461 


.6879 


.8349 


.5974 


22 


21 


.7525 


.8812 


.0702 


.3237 


.5966 


.7974 


.8753 


.8053 


27 


26 


.8052 


.9778 


.1133 


.4406 


.6471 


.9069 


.9157 


15.0133 


32 


31 


+ 3.8579 


-7.0745 


+ 3.1565 


—8.5575 


+ 3.6976 


-8.0164 


+2.9561 


+ 15.2212 



15 



Pollux. 



16 a Hydrae. 



3 M 2 
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TABLE I. Annual Variation in Right Ascension and Declination. 



Argument. The Day of the Year. 



Argument. 


17 Regulus. 


18 a UrsK Major. 


19 j3 Leonis. 


20 0 Virginia. 


Common 
Years. 


Bissextiles. 1 
- 


JR. 
in time. 


Dec. 
in space. 


JR 
in time. 


Dec. 
in space. 


JR 
in time. 


Dec. 
in space. 


M 
in time. 


Dec. 
in space. 


Jan. 1 


Jan. 1 


+0.0088 


- 0.0474 


+ 0.0105 


-0.0528 


+0.0084 


-0.0549 


+0.0085 


-0.0548 


6 


6 


.0527 


.2847 


.0629 


.3170 


.0504 


.3292 


.0513 


.3285 


1 1 

X X 


] i 


•uyo / 


coin 

.ozi y 


.11 03 




009*1 


.6035 


.0940 


.6023 


10 


16 


• 14U0 


•7oyz 


.1077 


•0400 


. 1 0 I 


8770 
.0/ / y 




.8761 


91 


21 


1 Girt 
• 1S40 


.yyo4 


ooni 
•zzui 


1 1DQ7 
1 . iuy / 






.1794 


1.1499 


26 


26 


.2285 


1.2336 


.2725 


.3739 


.2185 


.4265 


.2221 


.4237 


31 


31 


.2724 


.4709 


.3249 


.6381 


.2606 


.7009 


.2648 


.6975 


Feb. 5 


Feb. 5 


91 ftA 




9779 

• 37 / 3 




.3026 


.9752 


.3075 


.9713 


X\J 


10 


•30U3 


.y4i>3 


.4zy7 


z.iooo 




2.2495 


.3502 


2.2450 


i *» 

ID 


15 


• 4U43 


2.1826 


•4oz I 




.3866 


.5239 


.3929 


.5188 


20 


20 


•4482 


.4198 


.5345 


.6949 


.4287 


.7982 


.4356 


.79<2f> 


25 


25 


•4922 


.6570 


.5869 


.9591 


.4707 


3.0725 


.4784 


O.UOOi 


Mar. 2 


Mar. 1 


•030 1 


on 19 
.oy43 


f\ 90 9 

.03y3 


9 9999 


.5127 


.3469 


.5211 


.3402 


7 


Q 


• OoUU 


3.1315 


.6917 


.4870 




,6212 


.5638 


.6140 


-I- X 


I \ 


•0Z4U 


9/507 

.30o7 


T A A 1 

./441 


7^17 


.5968 


.8955 


.6065 


.8877 


17 


16 


•6679 


.6060 


.7965 


4.0159 


.6388 


4.1699 


.6492 


4.1615 


22 


21 


.7119 


.8432 


.8489 


.2801 


.6808 


.4442 


.6919 


j49I>9 


97 


9ft 
zo 


•700o 


4.0804 


.9013 


HA 1 9 

• 0443 


799Q 
. / ZZO 


7" 1 Q K 
. / 1 OO 


.7346 


.7091 


April 1 


31 


700Q 


9 1 — — 

.3177 


.9537 


• 0U0O 


7f{AQ 

. / o-*y 


QQ9Q 


.7773 


.9829 






Q 49*7 
• o437 


•5549 


1.0061 


O.U7z7 


onfiO 

.ouoy 




.8200 


5.2567 


11 


10 


.8876 


.7921 


.0585 


.3369 


.8489 


.5415 


.8627 


.5305 


16 


15 


.9316 


5.0294 


.1109 


.6011 


.8910 


.8159 


.VUDO 


.8042 


O 1 
Zl 


on 
zU 


.9755 


.2666 


.1633 


.8653 


.9330 


o.oyuz 


.9482 


6.O780 


zu 




1.0195 


.5039 


.2157 


6.1295 


.9750 


.3645 


.9909 


.3518 


IVIay 1 


9n 

3U 


.0634 


.741 1 


.2681 


.3937 


1.0170 


,03oy 


1.0336 


.6256 


6 


May 5 


.1074 


.9783 


.3205 


.6579 


.0591 


.9132 


.0763 


.8994 


11 


10 


.1513 


6.2156 


.3729 


.9221 


.1011 


7.1875 


.1190 


7.1732 


16 


15 


.1952 


.4528 


.4253 


7.1863 


.1431 


.4619 


.1617 


.447U 
.7207 
.9945 


21 


20 


.2392 


.6900 


.4777 


.4505 


.1851 


.7362 


.2044 


26 


25 


.2831 


.9273 


.5301 


.7147 


.2272 


8.0105 


.2471 


31 


30 


.3271 


7.1645 


.5825 


.9789 


.2692 


.2849 


.2898 


8.2683 
.5421 
.8150 

9.0897 
-9.3634 


June 5 


June 4 


.3710 


.4017 


.6349 


8.2431 


.3112 


.5592 


.3326 


10 


9 


.4150 


.6390 


.6873 


.5073 


.3532 


.8335 


.3753 


15 


14 


.4589 


.8762 


.7397 


.7715 


.3953 


9.1079 


.4180 


20 


19 


+ 1.5028 


-8.1134 


+ 1.7921 


-9.0357 


+ 1.4373 


-9.3822 


+ 1.4607 
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Argument 


17 Regulus. 


18 a Ursae Major. 


19 j3 Leonis. 


20 /3 Virginis. 


Common 


Bissextiles. 


JR 


Dec. 


/R 


Dec. 




Dec. 


JR 


Dec. 


Years. 


in time. 


in space. 


in time. 


in space. 


in time. 


in space. 


in time. 


in space. 


June 25 


June 24 


+ 1.5468 


— 8.3507 


+ 1.8445 


—9.2999 


+ 1.4793 


— 9.6565 


+ 1.5034 


— 9.6372 


9rt 
3U 


90 


COAT 


»Oo7v 


QQfiO 

.oyoy 




•5213 


•9309 


.5461 


.9110 


juiy o 


Tnlv 4 


• 0347 


.ozoi 


Q4Q9 

•y-*ya 




.5634 


10.2052 


.5888 


10.1848 


in 


9 


• 0/ oO 


O fl«94 
y.U0z4 


9 0017 


10.0926 


.6054 


.4795 


.6315 


.4586 


15 


14 

A** 


799 ft 
• /ZzO 


900fl 

.zyyo 


•0541 


•3568 


.6474 


.7539 


•6742 


.7324 


20 


19 


.7665 


.5368 


.1065 


.6210 


.6894 


1 1.0282 


.7169 


ll.UUoz 




94 
*4 


.8104 


.7741 


1 *ftQ 


ft ft *)9 

• OO JZ 


.7315 


.3025 


•7597 


•2799 


9n 
3U 




.8544 


in r» i i 9 


9119 

• *1 Id 


11.1494 


.7735 


.5769 


.8024 


.5537 


A .. _ 4 

Aug. 4 


Aug. 3 


.8983 


.2480 


9fi97 
•2037 




.8155 


.8512 


.8451 


.8275 


o 

y 


ft 


.9423 


•4858 


91 rtl 


rt77ft 
•u/ / o 


.8575 


12.1255 


.8878 


12.1013 


14 


13 


.9862 


.7230 


.3685 


.9420 


.8996 


.3999 


.y3Ud 


• 3/ 01 




i a 

AO 


2.0302 


.9603 


Aetna 
•4zlly 


lZ.ZUOz 


.9416 


.6742 


.9732 


.6489 


94 


99 
zo 


.0741 


11.1975 


/1T99 

.4/33 


47fi4 


•9836 


,9485 


2.0159 


.9227 


90 


*o 


.1181 


A 9 AT 

.4347 


59 57 
.0x0/ 


794rt 


2.0257 


13.2229 


.0586 


13.1964 


dept. o 


Q^nf 9 

oepi. * 


.1620 


.6720 


• O/ol 


OOftft 

.yyoo 


.0677 


.4972 


.1013 


.4702 


8 


7 


.2059 


.9092 


.6305 


13.2630 


.1097 


.7715 


1 4 An 
. 144U 


744H 
»/fr4U 


13 


12 


.2499 


12.1464 


•Oozy 


1979 
»OZ/ Z 


.1517 


14.0459 


.1868 


14.0178 


1 ft 
lo 


17 


.2938 


.3837 


79A9 
./ 303 


701 4 


.1938 


.3202 


.2295 


.2916 


Q9 

z3 


22 


.3378 


.6209 


•7o/ / 




•2358 


.5945 


.2722 


.5654 


QO 
ZO 


27 


.3817 


.8581 


• o4Ul 


91 Oft 


.2778 


.8688 


.3149 


.8391 


Oct. 3 


Oct. 2 


.4257 


13.0954 


.8925 


.5840 


.3198 


15.1432 


.39/ O 


15.1129 


8 


7 


.4696 


.3326 


.9449 


•o4oz 


.3619 


.4175 


.4003 


.3867 


13 


12 


.5135 


.5698 


.9973 


1 1 ICkA 

10.1 124 


.4039 


.6918 


.4430 


.6605 


18 


17 


.5575 


.8071 


3.U497 


•3/00 


.4459 


•9662 


.4857 


.9343 


23 


oa 
Z* 


.6014 


14.0443 


1 f\a i 


fi4f)ft 


.4879 


16.2405 


.5284 


16.2081 


28 


27 


.6454 


.2815 


.1545 


.9050 


• 03UU 


H 1 4ft 


.5711 


.4819 


Nov. 2 


Nov. l 


.6893 


.5188 


.2069 


i« i /too 

lu.ioyz 


.5720 


.7892 


.6139 


.7556 


7 


ft 


.7333 


.7560 


•2593 


4994 


.6140 


17.0635 


.6566 


17.0294 


12 


A A 


.7772 


.9933 


.3117 


•Ov/0 


.6560 


.3378 


.6993 


.3032 


17 


AO 


.8211 


15.2305 


•3641 


OA 1ft 

.yoio 


.6981 


..6122 


.7420 


.5770 


22 


21 


.8651 


.4677 


.4165 


17.2260 


.7401 


•ooOO 


.7847 


.8508 


2/ 


26 


.9090 


.7050 


.4689 


4Q09 


.7821 


18.1608 


.8274 


18.1246 


Dec. 2 


Dec. 1 


.9530 


.9422 


.5213 


.7044 


.8241 


.4352 


,8701 


.3984 


7 


0 


.9969 


16.1794 


.5737 


lo.UloO 


.8662 


.7095 


.9128 


.6721 


12 


11 


3.0409 


.4167 


.6261 


.2828 


.9082 


.9838 


.9555 


.9459 


17 


16 


.0848 


.6539 


.6785 


.5471 


.9502 


19-2582 


.9982 


ly.ziy/ 


22 


21 


.1287 


.8911 


.7309 


.8113 


.9923 


.5325 


3.0410 


.4935 


27 


26 


.1727 


17.1284 


.7833 


19.0755 


3.0343 


.8068 


.0837 


.7673 


32 


31 


+ 3.2166 


-17.3656 


+ 3.8357 


— 19.3397 


+ 3.0763 


-20.0812 


+ 3.1264 


—20.0411 
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TABLE I. Annual Variation in Right Ascension and Declination. 



Argument. The Day of the Year. ' 



Argument. 


21 y Ursj 


p TVTainr 

C If X AJ Ul • 


22 Spica Virginis. 


23 i) Ursae Major. 


24 Arctium 


TAmmnn 

Vl'lUiIIVHI 

Ye.ire. 


Bissextiles. 


JR 
in time. 


Dec. 
in space. 


in time. 


Dec. 
in space. 


JR 
in time. 


Dec. 
in space. 


in time. 


• Die, 
iBJpsce. 


Jan. 1 


Jan. 1 


+0.0088 


-0.0548 


+0.0086 


+0.0519 


+0.0065 


-0.0498 


+0.0075 


-0.0520 


6 


6 


.0526 


.3285 


.0516 


.3113 


.0391 


.2990 


.0448 


.3120 


11 


11 


.0964 


.6023 


1 .0946 


.5707 


.0717 


.5481 


.0822 


.5718 


16 


16 


.1402 


.8761 


.1375 


.8301 


.1043 


.7973 


.1196 


.8518 


21 


21 


1 q 4n 
.1840 


1.1499 


.1805 


1.0895 


.1368 


1.0464 


.1570 


1.0918 


26 


26 


.2278 


.4237 


.2235 


.3489 


.1694 


.2956 


.1943 


.3518 


31 


31 


.2716 


.6975 


.2665 


.6083 


.2020 


.5447 


.2317 


.6117 


Feb. 5 


Feb. 5 


.3154 


.9713 


.3095 


.8678 


.2346 


.7938 


.2691 


.8717 


10 


10 


.3592 


2.2450 


.3525 


2.1272 


.2672 


2.0430 


.3065 


2.1317 


15 


15 


.4U3U 


.5188 


.3955 


.3866 


.2997 


.2921 


.3438 


.3916 


20 


20 


.4468 


.7926 


.4384 


.6460 


.3323 


.5413 


.3812 


.6516 


25 


25 


.4906 


3.0664 


.4814 


.9054 


.3649 


.7904 


.4186 


.9115 


Mar. 2 


Mar. 1 


.5344 


.3402 


.5244 


3.1648 


.3975 


3.0396 


.4559 


3.1715 


7 


6 


.5782 


.6140 


.5674 


.4242 


.4301 


.2887 


.4933 


.4315 


12 


11 


• OzzU 


.8877 


.6104 


.6836 


.4626 


.5379 


.5307 


.6914 


17 


16 


.6659 


4.1615 


.6534 


.9430 


.4952 


.7870 


.5681 


.9514 


22 


21 


.7097 


.4353 


.6963 


4.2025 


.5278 


4.0361 


.6054 


4.2113 


27 


26 


.7535 


.7091 


.7393 


.4619 


.5604 


.2853 


.6428 


.4713 


April 1 


31 


.7973 


.9829 


.7823 


.7213 


.5930 


.5344 


.6802 


.7313 


6 


April 5 


Q A 1 1 

.841 1 


5.2567 


.8253 


.9807 


.6255 


.7836 


.7175 


.9912 


11 


10 


.8849 


.5305 


.8683 


5.2401 


.6581 


5.0327 


.7549 


5.2512 


16 


15 


.9287 


.8042 


.9113 


.4995 


.6907 


.2819 


.7923 


.5111 


21 


20 


.9725 


6.0780 


.9542 


.7589 


.7233 


.5310 


,8297 


.7711 


26 


25 


1.0163 


.3518 


.9972 


6.0183 


.7559 


.7802 


.8670 


6.O310 


May 1 


30 


.0601 


.6256 


1.0402 


.2777 


.7884 


6.0293 


.9044 


.2910 


6 


May 5 


.1039 


.8994 


.0832 


.5372 


.8210 


.2785 


.9418 


.5510 


11 


10 


.1477 


7.1732 


.1262 


.7966 


.8536 


.5276 


.9791 


.8109 


16 


15 


.1915 


.4470 


1 ADO 


/ .UOOU 


•ooDz 


mi f Ul 


1.0165 


7.0709 


21 


20 


.2353 


.7207 


.2121 


.3154 


.9188 


7.0259 


.0539 


■ .3308 


26 


25 


.2791 


.9945 


.2551 


.5748 


.9513 


.2750 


.0913 


.5908 


31 


30 


.3229 


8.2683 


.2981 


.8342 


.9839 


.5242 


.1286 


.8508 


Jane 5 


June 4 


.3667 


.5421 


.3411 


8.0936 


1.0165 


.7733 


.1660 


8.H07 


10 


9 


.4106 


.8159 


.3841 


.3530 


.0491 


8.0225 


.2034 


.3707 


15 


14 


.4544 


9.0897 


.4271 


.6124 


.0817 


.2716 


.2408 


.6306 


20 


19 


+ 1.4982 


-9.3634 


+ 1.4701 


+ 8.8719 


+ 1.1142 


--.8.5208 


+ 1.2781 


-8.8906 
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Argument. 


21 7 Ursae Major. 


22 Spica Vtrginis. 


23 y Ursae Major. 


24 Arcturus. 


Common 
Years. 


U139C AlllCo* 


in time. 


Dec. 
in space. 


JR 
in time. 


Dec. 
in space. 


JR 
in time. 


Dec. 
in space. 


JR 
in time. 


Dec. 
in space. 


June 25 


June 24 


+ 1.542C 


) -9.637S 


\ +1.513C 


) +9.1315 


* +1.1468 


1 -8.769S 


+ 1.315* 


> —9.1506 


30 


29 


.5858 


* .911C 


) .556C 


) .3907 


r .1794 


\ 9.0 19C 


I .352£ 


) .4105 


J o\y 5 


July 4 


.6296 


> 10.1848 


\ .599C 


) .6501 


.212t 


) .2682 


.3905 


I .6705 




9 


.673^; 


.458f 


> .642C 


) .909^ 


» .2446 


.5173 


•427( 


\ .9304 


15 


14 


.7172 


.7324 


\ .685C 


) 10.168S 


) .2771 


.7665 


.465C 


) 10.1904 


20 


19 


.761C 


11.0062 


.728C 


.4282 


1 .3097 


10.0156 


.5024 


\ .4504 




24 


.8048 


.279S 


.770S 


.6877 


.3423 


.2648 


.5397 


.7103 


OA 


29 


.8486 


.5537 


.8138 


.9471 


.374S 


.5138 


.5771 


.9703 


Aug. 4 


Aug. 3 


.8924 


.8275 


.8569 


11.2066 


•4076 


.7631 


.614£ 


> 11.2302 


9 


8 


.9362 


12.1013 


.8999 


.466C 


.440C 


11.0122 


.6518 


1 .4902 


14 


13 


.9800 


.3751 


.9428 


.7254 


.4726 


. .2614 


.6892 


.7501 


19 


18 


2.0238 


.6489 


.9859 


.984fc 


.5052 


.5105 


.7266 


12.0101 


24 


23 


.0676 


.9227 


2.0288 


12.2442 


.5378 


.7596 


•764C 


.2701 


29 


28 


.1114 


13.1964 


.0718 


.5036 


.5704 


12.0088 


.8013 


.5300 


Sept. 3 


Sept. 2 


.1553 


.4702 


.1148 


.7630 


.6029 


.2579 


.8387 


.7900 


8 


7 


.1991 


.7440 


.1578 


13.0224 


.6355 


.5071 


.8761 


13.0499 


13 


12 


.2429 


14.0178 


.2008 


.2818 


.6681 


.7562 


.9134 


.3099 


18 


17 


.2867 


.2916 


.2438 


.5413 


.7002 


i 3.0054 


.9508 


.5699 


23 


22 


.3305 


.5654 


.2867 


.8007 


.7333 


.2545 


.9882 


. .8298 


28 


27 


.3743 


.8391 


.3297 


14.0601 


.7658 


.5037 


2.0256 


14.0898 


Oot. 3 


Oct. 2 


.4181 


15.1129 


.3727 


.3195 


.7984 


.7528 


.0629 


.3497 


8 


7 


.4619 


.3867 


.4157 


.5789 


.8310 


14.0019 


.1003 


.6097 


13 


12 


.5057 


.6605 


.4587 


.8383 


.8636 


.2511 


.1377 


.8697 


18 


17 


.5495 


.9343 


.5017 


15.0977 


.8962 


.5002 


.1751 


15.1296 


23 


22 


.5933 


16.2081 


.5447 


.3571 


.9287 


.7494 


.2124 


.3896 


28 


27 


.6371 


.4819 


.5876 


.6165 


.9613 


.9985 


.2498 


.6495 


Nov. 2 


Nov. 1 


.6809 


.7556 


.6306 


.8760 


.9939 


15.2477 


.2872 


.9095 


7 


6 


.7247 


17.0294 


.6736 


16.1354 


2.0265 


.4968 


.3245 


16.1695 


12 


11 


.7685 


.3032 


.7166 


.3948 


.0591 


.7460 


.3619 


.4294 


17 


16 


.8125 


.5770 


.7596 


.6542 


.0916 


.9951 


.3993 


.0ov4 


• 22 


21 


.8562 


.8508 


.8026 


.9136 


.1242 


16.2443 


.4367 


..9493 


27 , 


26 


.9000 


18.1246 


.8455 


17.1730 


.1568 


.4934 


.4740 


i t ann? 
i/.*uyo 


Dec. 2 


Dec. 1 


.9438 


.3984 


.8885 


.4324 


.1894 


.7425 


.51 14 


A (K no 


7 


6 


.9876 


.6721 


.9315 


.6918 


.2220 


.9917 


.0488 




12 


11 


3.0314 


.9459 


.9745 


.9512 


.2545 


17.2408 


.5861 


.9892 


17 


16 


.0752 


19.2197 


3.0175 


18.2107 


.2871 


.4900 


.6235 


18.2491 


22 


21 


.1190 


.4935 


.0605 


.4701 


.3197 


.7391 


.6609 


.5091 


27 


26 


.1628 


.7673 


.1034 


.7295 


.3523 


.9883 


.6983 


.7690 


32 


31 


+ 3.2066 


-20.0411 


+ 3.1464 


+ 18.9889 


+ 2.3S49 


-18.2374 


+2.7356 


-19.0290 
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Tables for computing the apparent Places 
TABLE I. Annual Variation in Right Ascension and Declination. 
Argument. The Day of the Year. 

29 aSerpentis. 



Argument. 



Common 
Years. 



Bissextiles. 



Jan. 1 
6 
11 
16 
21 

26 
31 

Feb. 5 
10 
15 

20 
25 
Mar. 2 
7 
12 

17 
22 
27 
April 1 
6 

11 
16 
21 
26 
May 1 

6 
11 
16 
21 
26 

31 

June 5 
10 
15 
20 



*5T 
26 J 



a* Libra. 



JR 
in time. 



Jan. 1 
6 
11 
16 
21 

26 
31 

Feb. 5 
10 
15 

20 
25 
Mar. 1 
6 
11 

16 
21 
26 
31 

April 5 

10 
15 
20 
25 
30 

May 5 
10 
15 
20 
25 

30 

June 4 
9 
14 
19 



Dec. 
in space. 



+0.0090 
.0540 
.0991 
.1441 
.1892 

.2342 
.2792 
.3243 
.3693 
.4144 

.4594 
.5044 
.5495 
.5945 
.6395 

.6846 
.7296 
.7747 
.8197 
.8647 

.9098 
.9548 
.9998 
1.0449 
.0899 

.1350 
.1800 
.2250 
.2701 
.3151 

.3601 
.4052 
.4502 
.4953 
+ 1.5403 



27 |3 Ursae Minor 



in time. 



+0.0416 


-0.0009 


.2497 


.0053 


.4578 


.0096 


.6658 


.0140 


.8739 


.0184 


1.0820 


.0228 


.2901 


.0272 


.4982 


.0315 


.7062 


.0359 


.9143 


.0403 


2.1224 


.0447 


.330£ 


.0491 


.5381 


> .0534 


.746( 


$ .0578 


.954^ 


f .0622 



3.1628 
".3708 
.5789 
.7870 
.9951 

4.2032 
.4112 
.6193 
.8274 
5.0355 

.2435 
.4516 
.6597 
. .8678 
. 6.0758 

.2839 
.4920 
.7001 
.9082 
+7.1162 



Dec. 
in space. 



.0666 
.0710 
.0754 
.0797 
.0841 



.0885 
.0929 
.0973 
.1016 
.1060 

.1104 
.1148 
.1192 
.1235 
.1279 

.1323 
.1367 
.1411 
.1454 
-0.1498 



28 a Cor. Bor. 



in time. 



Dec. 
in space. 



-0.0402 
.2415 
.4427 
.6439 
.8452 

1.0464 
.2476 
.4489 
.6501 
.8513 

2.0526 
.2538 
.4550 
.6563 
.8575 

3.0587 
.2600 
.4612 
.6624 
.8637 



4.0649 
.2661 
.4674 
.6686 
.8698 

5.0710 
.2723 
.4735 
.6747 
.8760 

6.0772 
.2784 
.4797 
.6809 
-6.8821 



+0.0069 
.0416 
.0762 
.1108 
.1455 

.1801 
.2147 
.2494 
.2840 
.3186 

.3533 
.3879 
.4225 
.4572 
.4918 

.5264 
.5611 
.5957 
.6303 
.6650 

.6996 
.7342 
.7689 
.8035 
.8381 

.8728 
.9074 
.9420 
.9767 
1.0113 

.0459 
.0806 
,1152 
.1498 
+ 1.1845 



in time. 



Dec. 
in space. 



-0.0342 
.2052 
.3762 
.5471 
.7181 

.8891 
1.0601 
.2310 
.4020 
.5730 

.7440 
.9150 
2.0859 
, .2569 
.4279 

.5989 
.7699 
.9408 
3.1H8 
.2828 

.4538 
- .6248 
.7957 
.9667 
4 .1377 

.3087 
.4797 
.6506 
.8216 
.9926 

5.1636 
.3345 
.5055 
.6765 
-5.8475 



+0.0080 
.0483 
.0885 
.1288 
.1690 

.2093 
.2495 



.3300 
.3703 

.4105 
.4508 
.4910 
.5312 
.5715 

.6117 
.6520 
.6922 
.7325 
.7727 

.8130 
.8532 
.8935 
.9337 
.9740 

1.0142 
.0544 
.0947 
.1340 
.1752 

.2154 
.2557 
.2959 
.3362 
+ 1.3764 



-0.0321 
.1927 
.3539 
.5138 
.6744 
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Argument. 


25 1 

26. 




Librae. 


27 /3 Ursae Minor. 


28 a Cor. Bor. 


29 a Serpentis. 


Common 
Yean. 


Bissextiles. 


in time. 


Dec. 
in space. 


JR 
in lime. 


Dec. 
in space. 


JR 
in time. 


Dec. 
in space. 


JR 
in time. 


Dec. 
in space. 


June 25 


June 24 


+ 1.5853 


+7.3243 


—0.1542 


-7.0834 


+ 1.2191 


— 6.0185 


+ 1.4167 


^5.6522 


30 


29 


.6304 


.3324 


.1586 


.2846 


.2538 


.1894 


.4569 


.8128 


July 5 


July 4 


.6754 


.7405 


.1630 


.4858 


.2884 


.3604 


.4972 


.9734 


10 


9 


.7205 


.9485 


.1674 


.6871 


.3230 


.5314 


.5374 


6.1340 


15 


14 


.7655 


8.1566 


.1717 


.8883 


.3577 


.7024 


.5776 


.2945 


20 


19 


.8105 


.3647 


.1761 


8.0895 


.3923 


.8734 


.6179 


.4551 


25 


24 


.8556 


.5728 


.1805 


.2908 


.4269 


7.0443 


.6581 


.6157 


30 


29 


.9006 


.7808 


.1849 


.4920 


.4616 


.2153 


.6984 


.7763 


Aug. 4 


Aug. 3 


.9456 


.9889 


.1893 


.6932 


.4962 


.3863 


.7386 


.9368 


9 


8 


.9907 


9.1970 


.1936 


.8945 


.5308 


.5573 


.7789 


7.0974 


14 


13 


2.0357 


.4051 


.1980 


9.0957 


.5655 


.7283 


.8191 


.2580 


19 


18 


.0808 


• 0132 


.2024 


.2969 


.6001 


.8992 


.8594 


.4186 


24 


23 


.1258 


.8212 


.2068 


.4982 


.6347 


8.0702 


•8996 


.5791 


29 


28 


.1708 


10.0293 


.2112 


.6994 


.6694 


.2412 


.9399 


.7397 


Sept. 3 


Sept. 2 


.2159 


.2374 


.2155 


.9006 


.7040 


.4122 


.9801 


.9003 


8 


7 


.2609 


.4455 


.2199 


10.1018 


.7386 


.5831 


2.0203 


8.0609 


13 


12 


.3059 


.0530 


.2243 


.3031 


.7733 


.7541 


.0606 


.2214 


18 


17 


.3510 


.8616 


.2287 


.5043 


.8079 


.9251 


.1008 


.3820 


23 


22 


.3960 


11.0697 


.2331 


.7055 


.8425 


9.0961 


.1411 


.04z0 


28 


27 


.4411 


.2778 


.2375 


.9068 


.8772 


.2671 


.1813 


•7U3z 


Oct 3 


Oct. 2 


.4861 


.4859 


.2418 


11.1080 


.9118 


.4380 


.2216 


.8637 


8 


7 


.5311 


.6939 


.2462 


.3092 


.9464 


.6090 


.2618 


V.0243 


13 


12 


.5762 


.9020 


.2506 


.5105 


.9811 


.7800 


.3021 


1 QACk 


18 


17 


-6212 


12.1101 


.2550 


.7117 


„ 2.0157 


.9510 


.3423 


•3403 


23 


22 


.6663 


.3182 


.2594 


.9129 


.0503 


10.1220 


.3826 


•OUOU 


28 


27 


.7113 


.5262 


.2637 


12.1142 


.0850 


.2929 


.4228 


.6666 


Nov. 2 


Nov. 1 


.7563 


.7343 


.2681 


.3154 


.1196 


.4639 


.4631 


•ox/2 


7 


a 


.8014 


.9424 


.2725 


.5166 


.1542 


.6349 


.5033 


•yo/ o 


12 


11 


.8464 


13 1505 


.2769 


.7179 


.1889 


.8059 


.5435 




17 


16 


.8914 


.3585 


.2813 


.9191 


.2235 


.9769 


.5838 




22 


21 


.9365 


.5666 


.2856 


13.1203 


.2581 


11.1478 


.6240 


.4695 


27 


26 


.9815 


.7747 


.2900 


.3216 


.2928 


.3188 


.6643 


.6301 


Dec. 2 


Dec. 1 


3.0266 


.9828 


.2944 


.5228 


.3274 


.4898 


.7045 


.7906 


7 


6 


.0716 


14.1909 


.2988 


.7240 


.3620 


.6608 


.7448 




12 


11 


.1166 


<tQK0 
• oi/oy 


.3032 


.9253 


.3967 


.8317 


.7850 


11.1118 


17 


16 


.1617 


.6070 


.3075 


14.1265 


.4313 


12.0027 


.8253 


.2724 


22 


21 


.2067 


.8151 


.3119 


.3277 


.4659 


.1737 


.8655 


.4329 


27 


26 


.2517 


15.0232 


.3163 


.5290 


.5006 


.3447 


.9058 


.5935 


32 


31 


+3.2968 


+ 15.2312 


-0.3207 


-14.7302 


+2.5352 


-12.5157 


+2.9460 


-11.7541 
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450 Tables for computing the apparent Places 

TABLE I. Annual Variation in Right Ascension and Declination. 

Argument. The Day of the Year. 



Argument. 



Common 
Years. 



Bissextiles. 



Jan. 1 


Jan. 1 


6 


6 


11 


11 


16 


16 


21 


21 


26 


26 


31 


31 


Feb. 5 


Feb. 5 


10 


10 


15 


15 


20 


20 


25 


25 


Mar. 2 


Mar. 1 


7 


6 


12 


11 


17 


16 


22 


21 


27 


26 


April 1 


31 


6 


April 5 


11 


10 


16 


15 


21 


20 


26 


25 


May 1 


30 


6 


May 5 


11 


10 


16 


15 


21 


20 


26 


25 


31 


30 


June 5 


June 4 


10 


9 


15 


14 


20 


19 



30 



An tares. 



in time. 



Dec 
in space. 



31 a Hercults. 



JR 
in time. 



Dec. 
in space. 



32 a Ophiachi. 
— 3T" 

in time. 



Dec. 
in space. 



33 y Dracaafc 

— IT" 

in time. 



Dec 
in space. 



+ 0.0100 
.0601 
.1102 
.1603 
.2104 

.2605 
.3106 
.3607 
.4108 
.4609 

.5111 
.5612 
.6113 
.6614 
.7115 

.7616 
.8117 
.8618 
.9119 
.9620 

1.0121 
.0622 
.1123 
.1624 
.2125 

.2626 
.3127 
.3628 
.4129 
.4630 

.5131 
.5632 
.6133 
.6634 
+ 1.7135 



+0.0236 
.1416 
.2596 
.3776 
' .4956 

.6136 
.7316 
.8496 
.9676 
1.0856 

.2036 
.3216 
.4396 
.5576 
.6756 

.7936 
.9116 
2.0296 
.1476 
.2656 

.3836 
.5016 
.6196 
.7376 
.8556 

.9736 
3.0916 
.2096 
.3276 
.4456 

.5636 
.6816 
.7996 
.9176 
+ 4.0356 



+0.0075 
.0448 
.0822 
.1196 
.1570 

.1943 
.2317 
.2691 
.3065 
.3438 

.3812 
.4186 
.4559 
.4933 
.5307 

.5681 
.6054 
.6428 
.6802 
.7175 

.7549 
.7923 
.8297 
.8670 
.9044 

.9418 
.9791 
1.0165 
.0539 
.0913 

.1286 
.1660 
.2034 
.2408 
+ 1.2781 



-0.0123 
.0736 
.1349 
.1963 
.2576 

.3189 
.3802 
.4416 
.5029 
.5642 

.6255 
.6869 
.7482 
.8095 
.8709 

.9322 
.9935 
1.0548 
.1162 
.1775 

.2388 
.3002 
.3615 
.4228 
.4841 

.5455 
.6068 
.6681 
.7295 
.7908 

.8521 
.9134 
.9748 
2.0361 
-2.0974 



+0.0076 
.0455 
.0834 
.1213 
.1593 

.1972 
.2351 
.2730 
.3109 
.3489 

.3868 
.4247 
.4626 
.5005 
.5385 

.5764 
.6143 
.6522 
.6901 
.7280 

.7660 
.8039 
.8418 
.8797 
.9176 

.9556 
.9935 
1.0314 
.0693 
.1072 

.1452 
.1831 
.2210 
.2589 
+ 1.2968 



-0.0085 
.0509 
.0934 
.1358 
.1782 

.2207 
.2631 
.3055 
.3480 
.3904 

.4329 
.4753 
.5177 
.5602 
.6026 

.6450 
.6875 
.7299 
.7724 
.8148 

.8572 
.8997 
.9421 
.9845 
1.0270 

.0694 
.1118 
J 543 
.1967 
.2392 

.2816 
.3240 
.3665 
.4089 
-1.4513 



+0.0038 
.0227 
.0410 
.0605 
.0793 



-0.001J 
.Ollf 
.Ogfl 
.0307 
.0402 



.1171 
.1360 
.1549 
.1738 

.1927 
.2116 
.2305 
.2494 
.2683 

.2871 
.3060 
.3249 
.3438 
.3627 

.3816 
.4005 
.4194 
.4383 
, .4572 

.4761 
.4949 
.5138 
.5327 
.5516 

.5705 
.5894 
.6083 
.6272 
+0.6461 
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Argument. 


30 Antares. 


31 a Herculis. 


32 a Ophiuchi. 


33 y Draconis. 


Common 




JR 


Dec. 


JR 


Dec. 


JR 


Dec. 




Dec. 


Years. 


Bissextiles. 




in space. 




in space. 




in space. 


in time. 


in space. 


J une 25 


June 24 


+ 1 .7030 


T 4* 1030 


+ 1.3100 


Q 1 ROT 


il 99AT 

+ 1.3347 


— 1.4v3o 


i r> ft ft en 
+ U.0O0U 


—0.3373 


30 


29 


.8137 


.2716 


.3529 


.2201 


.3727 


.5362 


.6839 


.3469 


July 5 


July 4 


.8638 


.3896 


.3902 


.2814 


.4106 


.5787 


.7027 


.3565 


10 


9 


.9139 


.5076 


.4276 


.3427 


.4485 


.6211 


.7216 


.3660 


15 


14 


.9640 


.6256 


.4650 


.4041 


.4864 


.6635 


.7405 


.3756 


20 


19 


2.0141 


.7436 


.5024 


A fKtLA 

.4004 


act A q 
.0X43 


.7060 


i tin a 

•7oy4 


.3852 


25 


24 


.0642 


.8616 


.5397 


*5267 


.5623 


.7484 


.7783 


.3948 


SO 


29 


.1143 


.9796 


• 5771 


.5880 


.6002 


.7908 


.7972 


.4044 


Aufir. 4 


Ausr 3 


.1645 


5.0976 


.6145 


.6494 


.6381 


.8333 


.8161 


.4139 


g 


g 


.2146 


.2156 


.6518 


.7107 


.6760 


.8757 


.8350 


.4235 


14 


13 


.2647 


*3336 


.6892 


.7720 


T1 9C\ 

•713v 


O 1 Oct 

.y ioz 


oeon 

.oo3y 


A99t 

.4331 


10 


18 


.3148 


.4516 


.7266 


.8334 


.7519 


.9606 


.8728 


.4427 




93 


.3649 


.5696 


.7640 


.8947 


.7898 


2.0030 


.8917 


.4523 


29 


9ft 


•4150 


.6876 


.8013 


.9560 


.8277 


.0455 


.9105 


.4619 


Sept. 3 


OtSpi. X 


.4651 


.8056 


8387 


3.0173 


.8656 


.0879 


.9294 


.4714 


8 


7 


.5152 


.9237 


.8761 


.0787 


.yu3o 


1 

.13U3 


GAQ9 


.4oIU 


13 


19 


.5653 


6.0417 


.9134 


.1400 


.9415 


.1728 


.9672 


.4906 


IS 


17 


•6154 


.1597 


.9508 


•2013 


.9794 


.2152 


.9861 


.5002 


23 


99 


•6655 


.2777 


.9882 


.2627 


2.0173 


.2576 


1.0050 


.5098 


9ft 


97 

XV 


.7156 


.3957 


2.0256 


.3240 


.0552 


.3001 


.0239 


.5193 


Oct. 3 


Oct. 2 


.7657 


.5137 


.0629 


• 380 3 


•Uv31 


• 34X0 


•U4xo 


. 0X09 


Q 
O 


7 

/ 


.8158 


.6317 


.1003 


.4466 


• 1310 


.3850 


.0617 


.5385 


1 9 


19 


•8659 


.7497 


.1377 


.5080 


.1690 


.4274 


.0806 


.5481 


1 ft 
xo 


1 7 


.9160 




.1751 


.5693 


.2069 


.4698 


.0995 


.5577 


zo 


99 


•9661 


.9857 


.2124 


.6306 


.2448 


.5123 


.1183 


.5673 


28 


27 


3.0162 


7.1037 


.2498 


•6919 


•2827 


.0047 


• 13/X 


•O/Oo 


Nnv 9 
ItOV. 2 


Ma V 1 

IX OV. 1 


.0663 


9917 

• XXX / 


.2872 


.7533 


.3206 


.5971 


.1561 


.5864 


IT 
/ 


0 


•1164 


.3397 


.3245 


.8146 


.3586 


.6396 


.1750 


.5960 


19 

ix 


1 1 
1 1 


• 1DUO 


4*77 


.3619 


.8759 


.3965 


.6820 


.1939 


.6056 


IT 


1 rt 
10 


91 fifi 
.XX uu 


•5757 


•3993 


.9373 


.4344 


.7245 


.2128 


.6152 


22 


. 21 


.2667 


.6937 


.4367 


.9986 


•4723 


. ./ooy 


9917 


•UXf*/ 


X7 


26 


91 fift 


ft 1 1 7 
•oxx/ 


•ft/ *»\f 


4.0599 


.5102 


.8093 


.2506 


.6343 


JJ6C. x 


x/ec. l 


•oOOv 


0907 


f* 1 1 A 
»o 1 Xft 


.1212 


.5482 


.8518 


.2695 


.6439 


19 
1 


0 


A17ft 
•ffl 


ft A477 


*»4ftft 


.1826 


.5861 


.8942 


.2884 


.6535 


12 


11 


.4671 


.1657 


.5861 


.2439 


.6240 


.9366 


.3073 


.6631 


• 17 


, 16 


•5172 


.2837 


.6235 


•3052 


.6619 


.9791 


.3261 


.6727 




21 


.5673 


.4017 


.6609 


.3666 


•6998 


3.0215 


.3450 


.6822 


27 


26 


.6174 


.5197 


.6983 


.4279 


.7378 


.0640 


.3639 


.6918 


32 


31 


+ 3.6675 


+8.6377 


+2.7356 


-4.4892 


+ 2.77*7 


-3.1064 


+ 1.3828 


-0.7014 
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452 Tables for computing the apparent Places 

TABLE I. Annual Variation in Right Ascension and Declination. 
Argument. The Day of the Year. 



Argument. 


34 a Lyras. 


35 y Aquilae. 


36 a Aquilae. 3 


Common j 
Years. 


Bissextiles. 


JR. 


Dec. 
in space* 


in time. 


Dec 
in space. 


in time. 


Liec. 
in space. 


Jan. 1 


Jan. 1 


+0.0056 


+ 0.0082 


+0.0078 


i n noon 


_i_0 0080 


+0.0248 


6 


6 


.U333 


nj.09 


.0468 


.1377 


.0481 


.1488 




11 


.0611 


.0904 


.0858 


.2524 


.0882 


.2729 


16 


16 


.0889 


.1314 


.1248 


.3671 


.1284 


.3969 


21 


21 


.1167 


.1725 


.1639 


.4818 


.1685 


.5209 


26 


26 


.1445 


.2136 


, .2029 


.oyoo 


.2086 


.6449 


31 


31 






.2419 


.7112 


.2487 


.7690 


Feb. 5 


Feb. 5 


.2001 


.2957 


.2809 


.8260 


.2888 


.8930 


10 


10 


.2279 


.3368 


.3199 


.9407 


.3289 


1.0170 


15 


15 


.2557 


.3778 


.3589 


1.0554 


.3690 


.1410 


20 


20 


.2834 


.4189 


• oHoU 


.1701 


.4091 


.2651 


25 


OK 

ZD 


91 19 
.31 Lz 


• *tOUv/ 


.4370 


.2848 


.4492 


.3891 


AJInm 9 

Mar. * 


Mar. 1 


.3390 


.5010 


.4760 


.3995 


.4893 


.5131 


/ 


6 


.3668 


.5421 


.5150 


.5143 


.5295 


.6371 


19 


11 


.3946 


.5832 


.5540 


.6290 


.5696 


.7612 


17 


16 


.4224 


.6242 


.5930 




.6097 


.8852 


22 








.6320 


.8584 


.6498 


2.0092 


27 


26 


.4780 


.7064 


.6711 


.9731 


.6899 


- .1332 


April 1 


31 


.5058 


.7474 


.7101 


2.0878 


.7300 


.2573 


ft 


April 5 


.5335 


.7885 


.7491 


.2025 


.7701 


.3813 


11 


10 


.5613 


.8296 


.7881 


91 74 

.3173 


.8102 


.5053 


16 


10 


5Q01 

.ooy i 


.O/UC 


.8271 


.432C 


.8503 


.6293 


21 


20 


.6169 


.9117 


.8661 


.5467 


.8904 


\ .7534 


26 


25 


;6447 


.952c 


I .9051 


.6614 


\ .9306 


.8774 


May 1 


30 


.672f 


» .993* 


I .9442 


.7761 


.9707 


3.0014 


6 


May 5 


.700: 


J 1.034! 


) .9832 


t .890? 




\ .1254 


11 


10 


.7281 


.076C 


) 1.0222 


1 3.005( 


) .0501 


) .2495 


16 


15 


.755$ 


) .1171 


I .0612 


5 .1205 


{ .09 K 


) .3735 


21 


20 


.7831 


r .1581 


.100S 


J .235( 


) .1311 


L .4975 


26 


25 


.81 1< 


1 .1995 


I .1395 


I .3495 


f .171S 


I .6215 


31 


30 


.839: 


i .240, 


3 .178: 


i .46* 


i An: 


J .7456 


June 5 


June 4 


.867( 


3 .281, 


3 .217: 


J .579 


l .251< 


1 .8696 


10 


9 


.894] 


3 .32fc 


1 .256. 


3 .6931 


) .291^ 


5 .9936 


15 


14 


.922 


3 .363 


5 .295, 


3 .808 


5 .331' 


7 4.1176 


20 


19 


+0.95O 


4 +1.404 


5 +1.334 


3 +3.923 


3 +1.3711 


3 +4.2417 



0 Aqailffi. 



in time. 


utc. 
in space. 


+0.0081 


+0.0235 


.0485 


.1408 


.0888 


.2581 


.1292 


.3754 


.1696 


4927 


.2100 


.6100 


.2504 


.7274 


.2908 


.8447 


.3311 


.9620 


.3715 


1.0793 


.4119 


.1966 


.4523 


.3140 


.4927 


.4313 


.5331 


.5486 


.5734 


.6659 


.6138 


.7832 


.6542 


.9005 


.6946 


10179 


.735C 


.1352 


- .7754 


[ .2525 


.8157 


.3698 


.8561 


.4871 


.896. 


> .6044 


.9361 


) .7218 


.977, 


i .8391 


1.017' 


r .9564 


.058( 


) 3.0737 


.09& 


4 .1910 


.138 


3 .3083 


.179* 


I .4257 


.2191 


3 .5430 


.20(X 


} .6603 


.30° 


5 .7776 


.34° 


7 . .8949 


+ 1.381 


I +4.0122 



Digitized by 



of the forty-four principal Fixed Stars. 



453 



Argument. 


OA „ 


Lyre 


35 Aquilae. 


36 a Aquilae. 


37 /3 Aquilae. 


Common 




jit 




JR. 


Dec. 


JR. 


Dec. 




Dec. 


Years. 


Bissextiles. 


in time. 


in space. 




in inArp 


in time. 


in ann^A 
IU D|fuVC« 


in (i me* 


in space. 


June 25 


June 24 


+ 0.9782 


+ 1.4456 


+ 1.3733 


+ 4.0380 


+ 1.4119 


+4.3657 


+ 1.4215 


+4*1296 


30 


29 


1.0060 


.4867 


.4123 


.1527 


.4520 


.4897 


.4619 


.2469 


July 5 


July 4 


.0338 


.5277 


.4514 


.2674 


.4921 


.6137 


.5022 


.3642 


10 


9 


.0615 


.5688 


.4904 


.3822 


.5322 


.7378 


.5426 


.4815 


15 


14 


.0893 


.6099 


.5294 


.4969 


.5723 


.8618 


.5830 


.5988 


20 


19 


.1171 


.6509 


.5684 


•OllO 


tK i a a 


.9858 


.0234 


.7101 


25 


94 


.1449 


.6920 


.6074 


.7263 


.6525 


5.1098 


.6638 


.8335 


30 


90 


.1727 


.7331 


.6464 


.8410 


.6926 


.2339 


.7042 


.9508 


Amy 4 


Aug. 3 


.2005 


.7741 


.6854 


.9557 


.7328 


.3579 


.7445 


5.0681 


9 


e 
o 


.2283 


.8152 


-7245 


5.0704 


.7729 


.4819 


.7849 


.1854 


14 


13 


.2561 


.8563 


.7030 


1 819 


81 9fl 


• uuoy 


.8253 


9097 


19 


1 s 


.2838 


.8973 


.8025 


.2999 


.8531 


.7300 


.8657 


.4200 


24 


99 


.3116 


. .9384 


.8415 


.4146 


.8932 


.8540 


.9061 


.5374 


29 


9(2 


.3394 


.9795 


.8805 


.5293 


.9333 


.9780 


.9465 


.6547 


Sept. 3 




.3672 


2.0205 


.9195 


.6440 


.9734 


6.1020 


.9868 


.7720 


8 


7 


.3950 


.0616 


.yoyo 


7KC7 


9 ftl 91 


99A1 


2.0272 


.8893 


13 


1 9 


.4228 


.1027 


.9976 


.8735 


.0536 


.3501 


.0676 


6.0066 


18 


1 7 

17 


.4506 


.1438 


2.0366 


.9882 


.0937 


.4741 


.1080 


.1239 


99 


oo 

22 


.4784 


.1848 


.0756 


6.1029 


.1339 


.5981 


.1484 


.2413 






.5062 


.2259 


.1146 


.2176 


.1740 


- .7222 


.1888 


.3586 


Oct. 3 


Oct. 2 


.6340 


.2670 


.1536 


.3323 




84A9 


.2291 


.4759 


Q 

£ O 


7 


.5617 


.3080 


.1926 


.4470 


.2542 


.9702 


.2695 


.5932 


1 9 


i a 

12 


.5895 


.3491 


.2317 


.5618 


.2943 


7.0942 


.3099 


.7105 


1 ft 

1 o 


17 


.6173 


.3902 


.2707 


.6765 


.3344 


.2183 


.3503 


. .8278 


99 


an 

22 


.6451 


.4312 


.3097 


.7912 


.3745 


.3423 


.3907 


.9452 


28 


27 


.6729 


.4723 


.3487 


.9059 


AlAfi 
•4140 




.4311 


7,0625 


IV OV. x 


INOV. 1 


.7007 


.5134 


9877 


7.0206 


.4547 


.5903 


. .4714 


.1798 


/ 


0 


.7285 


.5544 


.4267 


.1353 


.4948 


.7144 


.5118 


.2971 


19 


1 1 
1 1 


.7563 


.5955 


.4657 


.2501 


.5350 


.8384 


.5522 


.4144 


17 


10 


.7841 


.6366 


.5048 


.3648 


.5751 


.9624 


.6926 


.5318 


22 


21 


.8118 


.6776 


.5438 


.4795 


fil 19 


8 08fi4 


.6330 


.6491 


97 


26 


.8396 


.7187 


.5828 


.5942 


.6553 


.2105 


.6734 


.7664 


Dec. 2 


Dec. 1 


.8674 


.7598 


fi9 1 8 


.7089 


.6954 


.3345 


.7137 


.8837 


7 


6 


.8952 


.8008 


fifiH8 

• OUv/O 


.8236 


.7355 


.4585 


.7541 


8.0010 


12 


11 


.9230 


.8419 


.6998 


.9383 


.7756 


.5825 


.7945 


.1183 


17 


16 


.9508 


.8830 


.7389 


8.0531 


.8157 


.7066 


.8349 


.2357 


22 


21 


.y/oO 




.7779 


.1678 


.8558 


.8306 


.8753 


.3530 


27 


26 


2.0064 


.9651 


.8169 


.2825 


.8959 


.9546 


.9157 


. .4703 


32 


31 


+2.0342 


+ 3.0062 


+2.8559 


+ 8.3972 


+2.9361 


+-9.0786 


+2.9560 


+ 8.5876 
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Tables for computing the apparent Places 



TABLE I. Annual Variation in Right Ascension and Declination. 



Argument. The Day of the Year. 



Argument. 



Common 
Years. 



Bissextiles. 



| a* Gapricorni. 



75T 
in time. 



Dec. 
in space. 



40 a Cygnk 



in time. 



Dec. 
in space. 



41 a Cephei. 



JR 
in time. 



Dec. 
in space. 



42 jSCjphel, 



IT 
in time. 



Dec 
in space. 



Jan. 1 
6 
11 
16 
21 

26 
31 

Feb. 5 
10 
15 

20 
25 
Mar. 2 
7 
12 

17 
22 
S7 
April 1 
6 

11 
16 
21 
26 
May 1 

6 
11 
16 
21 
26 

31 

June 5 
10 
15 
20 



Jan. 1 
6 
11 
16 
21 

26 
31 

Feb. 5 
10 
15 

20 
25 
Mar. 1 
6 
11 

16 
21 
26 
31 

April 5 

10 
15 
20 
25 
30 

May 5 
10 
15 
20 
25 

30 

June 4 
9 

14 
19 



+0.0091 
.0547 
.1003 
.1459 
.1915 

.2370 
.2826 
.3282 
.3738 
.4194 

.4650 
.5106 
.5561 
.6017 
.6473 

.6929 
.7385 
.7841 
.8296 
.8752 

.9208 
.9664 
1.0120 
.0576 
.1032 

.1487 
.1943 
.2399 
.2855 
.3311 

.3767 
.4223 
.4678 
.5134 
+ 1.5590 



-0.0296 
.1774 
.3253 
.4731 
.6209 

.7688 
.9166 
1.0645 
.2123 
.3602 

.5080 
.6559 
.8037 
.9515 
2.0994 

.2472 
.3951 
.5429 
.6908 
.8386 

.9864 
3.1343 
.2821 
.4300 
.5778 

.7257 
.8735 
4.0213 
.1692 
.3170 

.4649 
.6127 
.7606 
.9084 
-5.0563 



+0.0056 
.0335 
.0614 
.0894 
.1173 

.1452 
.1731 
.2011 
.2290 
.2569 

.2848 
.3128 
.3407 
.3686 
.3965 

.4245 
.4524 
.4803 
.5083 
.5362 

.5641 
.5920 
.6200 
.6479 
.6758 

.7037 
.7317 
.7596 
.7875 
.8154 

.8434 
.8713 
.8992 
.9271 
+0.9551 



+0.0346 
.2075 
.3804 
.5533 
.7262 

.8991 
1.0719 
.2448 
.4177 
.5906 

.7635 
.9364 
2.1093 



.4551 



.8009 
.9738 
3.1467 
.3196 

.4925 
.6654 
.8383 
4.0112 
.1841 

.3570 
.5298 
.7027 
.8756 
5.0485 

.2214 
.3943 
.5672 
.7401 
+5.9130 



+0.0039 
.0233 
.0428 
.0622 
.0816 

.1011 
.1205 
.1400 
.1594 
.1788 

.1983 
.2177 
.2372 
.2566 
.2760 

.2955 
.3149 
.3344 
.3538 
.3732 

.3927 
.4121 
.4315 
.4510 
.4704 

.4899 
.5093 
.5287 
.5482 
.5676 

.5871 
.6065 
.6259 
.6454 
+0.6648 



+0.0408 
.2448 
.4487 
.6527 
.8567 

1.0606 
.2646 
.4686 
.6726 
.8765 

2.0805 
.2845 
.4884 
.6924 
.8964 

3.1003 
.3043 
.5083 
.7123 
.9162 

4.1202 
.3242 
.5282 
.7321 
.9361 

5.1400 
.3440 
.5480 
.7520 
.9559 

6.1599 
.3639 
.5678 
.7718 
+6.9758 



+0.0022 
.0133 
.0244 
.0355 
.0466 

.0577 
.0687 
.0798 
.0909 
.1020 

.1131 
.1242 
.1353 
.1464 
.1575 

.1685 
.1796 
.1907 
.2018 
.2129 

.2240 
.2351 
.2462 
.2572 
.2683 

.2794 
.2905 
.3016 
.3127 
.3238 

.3349 
.3459 
.3570 
.3681 
+0.3792 



.7055 
.9205 
7.1354 
+7.3503 
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Argument. 


S8 ) 

995 ** Capricorni. 


40 a 


Cjgni. 


41 a Cephei. 


42 fi Cephei. 


Common 


Bissextiles. 


at 


Dec. 


Jr. 


Dec. 




Dec. 


A. 


Dec. 


Yeare. 


in time. 


in space. 


in time. 


in space. 


in time. 


in space. 


in time. 


in space. 


June 25 


June 24 


+ 1.6046 


-5.2041 


+GL983G 


+6.0859 


+0.6843 


+7.1797 


+0.3903 


+7.5652 


30 


*0 


•6502 


.8*20 


- JLAJiAMt 


•2588 


.7037 


.3837 


.4014 


.7501 


Julj 5 


Julj 4 


.6958 


.4998 


.0388 


.4317 


.7231 


•5877 


.4125 


.9951 


10 


9 


.7413 


.6476 


.0668 


.6046 


.7426 


.7917 


.4236 


8.210C 


15 


14 


.7869 


.7955 


.0947 


.7775 


.7620 


.3956 


.4347 


.424S 


. 20 


19 


.8325 


.9433 


.1226 


.9504 


.7814 


8.1996 


.4457 


.639c 


25 


24 


.8781 


0.0912 


1 HOr\ 


7.1233 


.8009 


.4036 


.4568 


.8547 


30 


29 


.9237 


.2390 


.1785 


.2962 


.8203 


.6075 


.4678 


9.0697 


Aug. 4 


Aug. 3 


.9693 


.3869 


.2064 


.4691 


.8398 


.8115 


.4790 


.284C 


9 


8 


2.0149 


.5347 


.2343 


.6420 


.8592 


9.0155 


.4901 


.4991 


14 


13 


.0604 


.6825 


.2623 


.8149 


.8786 


.2194 


.5012 


.7144 


19 


18 


.1060 


.8304 


9Q09 


.9877 


.8981 


.4234 


.5123 


.9294 


24 


23 


.1516 


.9782 


.3181 


8.1606 


.9175 


.6274 


.5234 


10.1442 


29 


28 


.1972 


7.1261 


.3460 


.3335 


.9370 


.8314 


.5344 


.3593 


Sept. 3 


Sept. 2 


.2428 


.2739 


.3740 


.5064 


.9564 


10.0353 


.5455 


.5741 


8 


7 


.2884 


.4218 


.4019 


.6793 


.9758 


.2393 


.5566 


.789C 


13 


12 


.3340 


.5696 




.8522 


.9953 


.4433 


• M>77 


11.004C 


18 


17 


.3795 


.7175 


.4577 


9.0251 


1;0147 


.6472 


.07 00 


.218£ 


23 


22 


.4251 


.8653 


.4857 


.1980 


.0342 


.8512 


ftfiOO 
»Oovv 


.4338 


28 


27 


.4707 


8.0131 


.5136 


.3709 


.0536 


11.0552 


.OU1U 


.6487 


Oct. 3 


Oct. 2 


.5163 


.1610 


.5415 


.5438 


,0730 


.2591 


.6121 


.8636 


8 


7 


.5619 


.3088 


.001/4 


71fi7 


/0925 


.4631 




lZ.u/oC 


13 


12 


.6075 


< -4567 


.5974 


.8896 


.1119 


.6671 


• 0342 


onat 


18 


17 


.«530 


.6045 


*6253 


10.0625 


.1314 


.8711 




.OUo4 


23 


22 


.6986 


.7524 


.6532 


.2354 


.1508 


12.0750 


.0004 




28 


27 


.7442 


.9002 


.6811 


.4083 


.1702 


.2790 


.6675 


.9383 


Nov. 2 


Nov. 1 


.7898 


9.0181 


.7091 




.1897 


.4830 


.O/oOi 




7 


6 


.8354 


.1959 


.7370 


.7541 


.2091 


.6869 


.6897 


.3681 


12 


It 


.8810 


.3437 


.7649 


.9270 


.2285 


.8909 




.663C 


17 


16 


.9266 


.4916 


.7928 


11.0999 


.2480 


13.0949 


'7110 


7Q7C 


22 


21 


.9721 


.6394 


.8208 


.2728 


.2674 


.2988 


.7229 


14.0128 


27 


26 


3.0177 


.7873 


.8487 


•4400 


.2869 


.5028 


.7S4U 


.2278 


Dec. 2 


Dec. 1 


.0633 


.9351 


-8766 


.6185 


.3063 


.7068 


7451 
. / **»/ 1 


.4427 


7 


6 


.1089 


10.0830 


.9046 


.7914 


.3257 


.9108 




.6576 


12 


11 


.1545 


.2308 


.9325 


.9643 


.3452 


14.1147 


.7673 


.8725 


17 


16 


.2001 


.3786 


-9604 


12.1372 


.3646 


.3187 


.7784 


15.0875 


22 


21 


, .2457 


.5265 


.9883 


-3101 


.3841 


.5227 


.7895 


.3024 


27 


26 


,2912 


.6743 


2.0163 


.4830 


.4035 


.7266 


.8006 


.5173 


32 


31 


+ 3.33168 


-10.8222 


+2J9442 


+12.6A59 


+ M229 


+-J44U06 


+0.8116 


+ 15.7322 
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TABLE I. Annual Variation in Uight Ascension and Declination. 



Argument. The Day of the Year. 



Argument. 


43 a Aquarii. 


44 Fomalhaut. 


45 a Pegasi. 


46 a Andromeda. 


Common 


Bissextiles. 


JR. 


Dec. 


Jk 


Dec. 


JR 


Dec. 


A 


Dec 


Years. 




io time. 


in space. 


in time. 


in space. 


in time. 


io space. 


in time. 


in space. 


Jan. 1 


Jan. 1 


+0.0085 


— 0.0476 


+0.0091 


-0.0523 


+0.0082 


+0.0532 


+0.00& 


1 +0.0547 


6 


6 


.0508 


.2853 


.0549 


.3138 


.0490 


.3192 


.050< 


J .3284 


11 


11 


.0031 


.5231 


.1006 


.5752 


.0897 


.5852 


.092* 


* .6020 


16 


16 


.1354 


.7609 


.1463 


.8367 


.1305 


.8511 


.1341 


) .8757 


21 


o 1 

zl 


.1777 


.9987 


.1920 


1.0982 


.1713 


1.1171 


.1771 


I 1.1493 


26 


26 


.2200 


1.2365 


.2378 


.3596 


.2121 


.3831 


.2195 


I .4290 


31 


31 


.2623 


.4742 


.2835 


.6211 


.2529 


.6491 


.2614 


1 .696(3 


r eo. 5 


reo. o 


.3046 


.7120 


.3292 


.8825 


.2937 


.9151 


.303( 


) .9709 


10 


io 


.3469 


.9498 


.3749 


2.1440 


.3345 


2.1811 


.3457 


' 2.2439 


15 


15 


.3892 


2.1876 


.4206 


.4055 


.3753 


.4470 


.387£ 


1 .5176 


20 


20 


.4315 


.4254 


.4664 


.6669 


.4161 


.7130 


.4301 


.7913 


25 


25 


.4738 


.6632 


.5121 


.9284 


.4569 


.9790 


.472$ 


3.0649 


Mar O 

mar. z 


Mar. l 


.5161 


.9009 


.5578 


3.1899 


.4977 


3.2450 


.5144 


.3385 


7 


0 


.5584 


3.1387 


.6035 


.4513 


.5385 


.5110 


.556(3 


.6129 


iz 


1 L 


•6007 


.3765 


.6493 


.7128 


.5793 


.7769 


.5987 


.8858 


17 


16 


.6430 


.6143 


.6950 


.9743 


.6201 


4.0429 


.640S 


4.1591 


22 


21 


.6853 


.8521 


.7407 


4.2357 


.6609 


.3089 


.6830 


.4331 


Z/ 


ZO 


.7276 


4.0899 


.7864 


.4972 


.7017 


.5749 


.7252 


.7067 


Anril 1 
April x 


9 1 

SI 


.7699 


.3276 


.8321 


.7587 


.7425 


.8409 


.7674 


.9804 ; 


0 


A nnl A 

April 0 


.8122 


.5654 


.8779 


5.0201 


.7832 


5.1069 


.8095 


5.2540 1 


11 


10 


.8545 


.8032 


.9236 


.2816 


.8240 


.3728 


.8517 


.5277 1 


16 


15 


.8968 


5.0410 


.9693 


.5431 


.8648 


.6388 


.8930 


.8011 


21 


20 


.9391 


.2788 


1.0150 


.8045 


.9056 


.9048 


.9360 


6.075C 


26 


ZO 


.9814 


.5165 


.0608 


6.0660 


.9464 


6.1708 


.9782 


.3400 


May 1 


OU 


1.0237 


.7543 


.1065 


.3275 


.9872 


.4368 


1.0203 




6 


May 5 


.0660 


.9921 


.1522 


.5889 


1.0280 


.7027 


.0625 


.8951 


11 


10 


.1083 


o.zzyy 


.1979 


.8504 


.0688 


.9687 


.1047 


7.169(1 


16 


15 


.1506 


.4677 


.2436 


7.1118 


.1096 


7.2347 


.1468 


.4439 


21 


20 


.1929 


.7055 


.2894 


.3733 


.1504 


.5007 


.1890 


.# 


26 


25 


.2352 


.9432 


.3351 


.6348 


.1912 


.7667 


.2312 


.9905 


31 


30 


.2775 


7.1810 


.3808 


.8962 


.2320 


8.0327 


.2733 


8.26*9 


June 5 


June 4 


.3198 


.4188 


.4265 


8.1577 


.2728 


.2986 


.3155 


\m 


10 


9 


.3621 


.6566 


.4722 


.4192 


.3136 


.5646 


.3576 


40 


15 


14 


.4044 


^8944 


.5180 


.6806 


.3544 


.8300 


am 




20 


19 


+ 1.4467 


-8.1321 


+ 1.5637 


-8.9421 


+ 1.3952 


+«<Q8«6 
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Argument. 


43 a Aquarii. 


44 Fomalhaut. 


45 a. Pegasi. 


46 a, Andromedae. 


Common 


ijlSBCXUlcS. 


A 


Dec. 


M 


Dec. 


JR 


Dec. 


JR 


Dec. 


Tears. 


in time. 


in space. 


in time. 


in space. 


in time. 


in space. 


in time. 


in space. 


June 25 


June 24 


+ 1.4890 


-8.3699 


+ 1.6094 


—9.2036 


+ 1.4359 


+ 9.3626 


+ 1.4841 


+ 9.6324 


30 


29 


.5313 


.6077 


.6551 


.4650 


.4767 


.6285 


•OzOo 


.yuoi 


July 5 


July 4 


.5736 


.8455 


.7009 


.7265 


•5175 


•8945 


• OOoO 


in i TOT 
1U.17W7 


10 


9 


.6159 


9.0833 


.7466 


.9880 


.000,3 


1 A 1 ft A ft 


•OiUO 


AK4A 
•4034 


15 


14 


.6582 


.3211 


.7923 


1 f\ a An a 




A9fifi 

*4zoo 




7970 
• / Z/U 


20 


19 


.7005 


.5588 


.8380 


.5109 


.6399 


.6925 


.6950 


11.0007 


25 


24 


.7428 


.7966 


.8837 


.7724 


.6807 


.VOoO 




97 A 9 
•Z/43 


SO 


29 


.7851 


10.0344 


.9295 


11.0338 


tCt 1 ft 

.7210 


1 1.2x44 


770 * 


KA70 

•04/ v 


Aug. 4 


Aug. 3 


•8274 


.2722 


.9752 


.2953 


./OZO 




cold 


R9lfi 


9 


8 


•8697 


.5100 


2.0209 


.5568 




• {DO** 


Rfi9fi 


19 ftOK9 
IZtvvuZ 


14 


13 


•9120 


.7477 


.0666 


.8182 


.8439 


12.0224 


.9058 


.3689 


19 


18 


.9543 


.9855 


.1124 


12.0797 


.8^47 


CtQQA 

>zoo4 


DA70 


fi495 
•u**zo 


24 


23 


.9966 


11.2233 


.1581 


.3411 


AO e ft 

• 9255 


.0044 


oom 


01 rt9 


29 


28 


2.0389 


.4611 


.2038 


.6026 


.vOOo 


QQA9 




HI R0« 
lO. 1090 


Sept. 3 


Sept. 2 


.0812 


.6989 


.2495 


.8641 


Z.UU71 








8 


7 


.1235 


.9367 


.2952 


13.1255 


.0479 


.3523 


.1166 


.7371 


13 


12 


.1658 


12.1744 


.3410 


.3870 


.U887 


filR^ 


.1587 


14.0108 


18 


17 


.2081 


.4122 


.3867 


.6485 


K9QA 


• OO'iO 


.2009 


.2844 


23 


22 


.2504 


.6500 


.4324 


.9099 


1 TACJ 

• I f\Jz 


1 A 1 f\CJ9 


.2431 


.5581 


28 


27 


.2927 


.8878 


.4781 


14.1714 


at in 


ill fi9 


.2852 


.8317 


Oct. 3 


Oct. 2 


.3350 


13.1256 


.5239 


.4329 


.2518 


.4822 


.3274 


15.1054 


8 


7 


.3773 


.3633 


.5696 


.6943 


.2926 


• V4oZ 


.3696 


.3790 


13 


12 


.4196 


.6011 


.6153 


.9558 


.3334 


|( 01 AO 
10.Z14Z 


4117 


.6527 


18 


17 


.4619 


.8389 


.6610 


15.2173 


.3742 


.4oUZ 


.4539 


.9263 


23 


22 


.5042 


14.0767 


.7067 


.4787 


.4150 


7Afil 


.4961 


16.2000 


28 


27 


.5465 


.3145 


.7525 


.7402 


.4558 


16.0121 


.5382 


.4736 


Nov. ^ 


Nov. i 


.5888 


.5523 


.7982 


16.0017 


•4V00 




.5804 


.7473 


7 


6 


.6311 


.7900 


.8439 


.2631 


.0374 




.6225 


17.0309 


lz 


11 


.6734 


15.0278 


.8896 


.5246 


.5782 


.8101 


.6647 


.2946 


17 


16 


.7157 


.2656 


.9354 


.7861 


A 1 OA 


17 07 fifi 


.7069 


.5682 


22 


21 


.7580 


.5034 


.9811 


17.0475 


.6598 


.3420 


.7490 


.8419 


27 


26 


.8003 


.7412 


3.0268 


.3090 


.7000 




.7912 


18.1155 


Dec. 2 


Dec. 1 


.8426 


.9790 


.0725 


.5704 


rf A \ A 

.7414 




.8334 


.3891 


7 


6 


.8849 


16.2167 


.1182 


.8319 


.7822 


to i Ann 


.8755 


.6628 


12 


11 


.9272 


.4545 


.1640 


18.0934 


.8229 


.4060 


.9177 


.9364 


*/ 


16 


Off OR 
•VOVO 


• \J9AtO 


.2097 


.3548 


.8637 


.6719 


.9598 


19.3101 


22 


21 


3.0118 


.9301 


.2554 


.6163 


.9045 


.9379 


3.0020 


.4837 


27 


26 


.0541 


17.1679 


.3011 


.8778 


.9453 


19.2039 


.0442 


.7574 


32 


3i 


+ 3.0964 


—17.4056 


+3.3469 


—19.1392 


+2.9861 


+ 19.4689 


+ 3.0863 


+20.0310 
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Tables for computing the apparent Place* 



TABLE II. Aberration in Right Ascension, w time. 
M. sin (O + N) 



Argument 

(0 + N) 



yPegasi 



.-1.9935 
=88° 4T 



0 180 
3 177 
6 174 
9 171 
12 168 

Id 165 
18 162 
21 159 
24 156 
27 153 

30 150 
33 147 
36 144 
39 141 
42 138 

45 135 
48 132 
51 129 
54 126 
57 123 

60 120 
63 117 
66 114 
69 111 
72 108 

75 105 
78 102 
81 99 
84 96 
87 93 
90 90 



Diff. 
for 10* 



0.0000+ 
0.0677 
0.1352 
0.2023 
0.2689 

0.3348 
0.3997 
0.4635 
0.5261 
0.5872 

0.6467 
0.7045 
0.7603 
0.8140 
0.8655 

0.9146 
0.9612 
1.0052 
1.0464 
1.0848 

1.1202 
1.1525 
1.1816 
1.2075 
1.2302 

1.2494 
1.2652 
1.2775 
1.2864 
1.2917 
-1.2935 



(0 + N) 
Argument 



2 a Cassiop. 



M = -2.2230 
N«81°35' 



Diff. 
for ltf 



Polaris 



4 a Arietis 



= -45.2486 
.73° 51' 



37,6 
37,5 
37,3 
37,0 
36,6 

36,1 
35,4 
34,8 
33,9 
33,1 

32,1 
31,0 
29,8 
28,6 
27,3 

25,9 
24,4 
22,9 
21,3 
19,7 

17,9 
16,2 
14,4 
12,6 
10,7 

8,8 
6,8 
4,9 
2,9 
1,0 



-0.0000+ 
0.1163 
0.2324 
0.3478 
0.4622 

0.5754 
0.6869 
0.7967 
0.9042 
1.0093 

1.1115 
1.2107 
1.3067 
1.3990 
1.4875 

1.5719 
1.6520 
1.7276 
1.7985 
1.8644 

1.9252 
1.9807 
2.0308 
2.0753 
2.1142 



64,6 
64,5 
64,1 
63,6 
62,9 

61,9 
61,0 

59/ 
58,4 
56,8 

55,1 
j 53,3 
I ^1,3 
49,2 
46,9 

44,5 
42,0 
39,4 
36,6 
33,8 

30,8 
27,8 
24,7 
21,1 
18,3 



y Pegasi 



2.1472 
2.1744 
2.1956 
2.2108 
2.2199 
-2.2230 + 



15,1 
11,8 
8,4 
5,1 
1,7 



Diff. 
for Iff 



M= -1.3890 Diff. 
N«58° 26' for 10 7 



-0.0000+ 
2.3681 
4.7297 
7.0784 
9.4077 

11.7112 
13.9825 
16.2157 
18.4041 
20.5426 

22.6243 
24.6442 
26.5965 
28.4739 
30.2772 

31.9952 
33.6260 
35.1645 
36.6071 
37.9485 

39.1864 
40.3167 
41.3366 
42.2430 
43.0343 

43.7064 
44.2594 
44.6915 
45.0003 
45.1861 
1-45.2486 + 



1315,6 
1312,0 
1304,8 
1294,1 
1279,7 

1261,8 
1240,7 
1215,8 
1188,1 
1156,5 

1122,2 
1084,6 
1043,0 
1001,8 
954,4 

906,0 
854,7 
801,4 
745,2 
687, 

,9 



•0.0000+ 
0.0727 
0.1452 
0.2173 
0.2888 

0.3595 
0.4292 
0.4978 
0.5650 
0.6306 

0.6945 
0.7565 
0.8164 
0.8741 
0.9294 

0.9822 
1.0322 
1.0794 
1.1237 
1.1649 



627, 
566, 
503 
439, 
373, 

307, 
240, 
171, 
103,2 
34,7 



1.2029 
1.2376 
1.2689 
1.2967 
1.3210 



tCeti 



= -1.3105 
=44° 11' 



1.3417 
1.3586; 
1.3719 
1.3814 
1.3871 
-1.3890+ 



a Cassiop. 



Polaris 



40,4 
40,3 
40,1 
39,7 
39,3 

38,7 
38,1 
37,3 
36,4 
35,5 

34,4 
33,3 
32,1 
30,7 
29,3 

27,8 
26,2 
24,6 
22,9 
21,1 

19,3 
17,4 
15,4 
13,5 
11,5 

9,4 
7,4 
5,3 
3,2 
1,1 



Diff. 
for !(/ 



Argument 
(0 + N) 



•0.0000+ 
0.0686 
0.1370 
0.2050 
0.2725 

0.3392 
0.4050 
0.4696 
0.5330 
0.5949 

0.6552 
0.7137 
0.7703 
0.8247 
0.8769 

0.9266 
0.9739 
1.0184 
1.0602 
1.0991 

1.1349 
1.1677 
1.1972 
1.2234 
1.2464 

1.2658 
1.2818 
1.2943 
1.3033 . 
1.3087 
-1.3105+ 



« Arietis 



38,1 
38,0 
37,8 
37,5 
37,1 

36,6 
35,9 
35,2 
34,4 
33,5 

32,5 
31,4 
30,2 
29,0 
27,6 

26,3 
24,7 
23,2 
21,6 
19,9 

18,2 
16,4 
14,6 
12,8 
10,8 



8,9 
6,9 
5,0 



180 360 
183 357 
186 354 
189 351 
192 348 

195 345 
198 342 
201 339 
204 336 
207 333 

210 330 
213 327 
216 324 
219 321 
222 318 

225 315 
228 312 
231 309 
234 306 
237 303 

240 300 
243 297 
246 294 
249 291 
252 288 

255 285 
258 282 
261 279 



1,0 



aCeti 



3,0 264 276 
267 273 
270 270 

(0 + 
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TABLE II. Aberration in Right Ascension, in time. 



M. sin (© + N) 



Argument 

(O + N) 



a Persei 



-2.0181 
N-39°30' 



Diff. 
for 10* 



7 Aldebaran 



M«=-^ 1.4049 
N=S1°42' 



Diff. 
for 10' 



8 Capella 



M=- 1.9518 
N = 12°5l' 



Diff. 
for 10' 



9 Rigel 



M = -1.3756 Diff. 
N-12°20' forlC 



10 /3 Tauri 



M=- 1.5499 
N = 10° 13' 



Diff. 
for 10' 



Argument 

CO + N) 



0 180 
3 177 
6 174 
9 171 
12 168 

15 165 
18 162 
21 159 
24 156 
27 153 

30 150 
33 147 
36 144 
39 141 
42 138 

45 *35 
48 132 
51 129 
54 126 
57 123 

60 120 
63 117 
66 114 
69 111 
72 108 

75 105 
78 102 
81 99 
84 96 
87 93 
90 90 



0.0000+ 

0.1056 

0.2110 

0.3157 

0.4196 

0.5223 
0.6236 
0.7232 
0.8208 

0. 9162 

1.0091 

1. Q992 
1.1862 
1.2701 
1.3504 

1.4270 
1.4998 
1.5684 
1.6327 
1.6925 

1.7478 
1.7982 
1.8437 
1.8841 
1.9194 

1.9494 
1.9740 
1.9933 
2.0071 
2.0153 
-2.0181 + 



58,7 
58,6 
58,2 
57,7 
57,1 

56,3 
55,3 
54,2 
53,0 
51,6 

50,1 
48,3 
46,6 
44,6 
42,6 

40,4 
38,1 
35,7 
33,2 
30,7 

28,0 
25,3 
22,4 
19,6 
16,7 

13,7 
10,7 
7,7 
4,6 
1,6 



(0 + N) 
Argument 



-0.0000+ 
0.0735 
0.1469 
0.2198 
0.2921 

0.3636 
0.4341 
0.5035 
0.5714 
0.6378 

0.7025 
0.7652 
0.8258 
0.8841 
0.9401 

0.9934 
1.0440 
1.0918 
1.1366 
1.1783 

1.2167 
1.2518 
1.2835 
1.3116 
1.3362 

1.3570 
1.3742 
1.3876 
1.3972 
1.4030 
•1.4049 + 



40,8 
40,8 
40,5 
40,2 
39,7 

39,2 
38,6 
37,7 
36,9 
35,9 

34,9 
33,7 
32,4 
31,1 
29,6 

28,1 
26,6 
24,9 
23,2 
21,3 

19,5 
17,6 
15,6 
13,7 
11,6 

9,6 
7,4 
5,3 
3,2 
1,1 



—0.0000+ 
0.1021 
0.2040 
0.3053 
0.4058 

0.5052 
0.6031 
0.6995 
0.7939 
0.8861 

0.9759 
1.0630 
1.1472 
1.2283 
1.3060 

1.3801 
1.4504 
1.5168 
1.5790 
1.6369 

1.6903 
1.7390 
1.7830 
1.8221 
1.8563 

1.8853 
1.9091 
1.9277 
1.9411 
1.9491 
-1.9518 + 



56,7 
56,6 
56,3 
55,8 
55,2 

54,4 
53,6 
52,4 
51,2 
49,9 

48,4 
46,8 
45,1 
43,2 
41,2 

39,1 
36,9 
34,6 
32,2 
29,7 

27,1 
24,4 
21,7 
19,0 
16,1 

13,2 
10,3 
7,4 
4,4 
1,5 



-0.0000+ 
0.0720 
0.1438 
0.2152 
0.2860 

0.3560 
0.4251 
0.4930 
0.5595 
0.6245 

0.6878 
0.7492 
0.8086 
0.8657 
0.9204 

0.9727 
1.0223 
1.0690 
1.1129 
1.1537 

1.1913 
1.2257 
1.2567 
1.2842 
1.3083 

1.3287 
1.3455 
1.3587 
1.3680 
1.3737 
.1.3756+ 



40,0 
39,9 
39,7 
39,3 
38,9 

38,4 
37,7 
36,9 
36,1 
35,2 

34,1 
33,0 
31,7 
30,4 
29,1 

27,6 
25,9 
24,4 
22,7 
20,9 

19,1 
17,2 
15,3 
13,4 
11,3 

9,3 
7,3 
5,2 
S,fc 
1,1 



a Persei 



Aldebaran 



Capella 



Rigel 



—0.0000+ 
0.0811 
0.1620 
0.2425 
0.3222 

0.4011 
0.4789 
0.5554 
0.6304 
0.7036 

0.7749 
0.8441 
0.9110 
0.9754 
1.0371 

1.0959 
1.1518 
1.2045 
1.2539 
1.2998 

1.3422 
1.3810 
1.4159 
1.4469 
1.4740 

1.4971 
1.5160 
1.5308 
1.5414 
1.5477 
-1.5499 + 



45,1 
44,9 
44,7 
44,3 
43,8 

43,2 
42,5 
41,7 
40,7 
39,6 

38,4 
37,2 
35,8 
34,3 
32,7 

31,1 
29,3 
27,4 
25,5 
23,2 

21,6 
19,4 
17,2 
15,1 
12,8 

10,5 
8,2 
5,9 
3,5 
1,2 



180 360 
183 357 
186 354 
189 351 
192 348 

195 345 
198 342 
201 339 
204 336 
207 333 

210 330 
213 327 
216 324 
219 321 
222 318 

225 315 
228 312 
231 309 
234 306 
237 303 

240 300 
243 297 
246 294 
249 291 
252 288 

255 285 
258 282 
261 279 
264 276 
267 273 
270 270 



j3 Tauri 



(O + N) 
Argument 



3o2 
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Tables for computing the apparent Plates 
TABLE II. Aberration in Right Ascension, »« «tme.< 
M. sin (© + N) 



Aiguineiii •* 


1 g Ononis 1 


2 Sirins 1 


3 Castor 1 


v.vy + w ) " 
N 


1= —1.3776 


L/lu. u 

for Iff > 


1=1 — 1.4222 


Diff. W 


l«- 1.5998 


Diff. r 


-3° 13' 


[=351° 21' 


For Iff N 


= 340° 40' 


for 10' I 


6 180 - 


-0.0000+ 


40,1 • 


u 

-Q.0Q0O+ 


At 9 

41,3 " 




46,5 


3 177 


0.0721 


39,9 


0.0744 


41,5 


U.v/oo/ 


46,4 


6 174 


0.1440 


39,7 


0.1487 


41,0 


ft \kj<* 


46.1 


9 171 


0.2155 


39,4 


0.2225 


40,7 


ft <*f\(Y9 
U.Z3UZ 


45.8 


12 168 


0.2864 


3V,U 


0.2957 


40,2 


0.3526 


45,2 


15 165 


0.3566 


38,4 


0.5681 


59,7 




44, ft 


18 162 


0.4257 


37,8 


0.4395 


39,0 




43,8 


21 159 


0.4937 


37,0 


0.5097 


38,2 


ft 


43,0 


24 156 


0.5603 


56,2 


0.5785 


37,3 - 


- ft ftftftft ! 
U.OOUO 


42,0 


27 153 


0.6254 


ODyZ 


0.6457 


36,5 


0.7262 


40,9 


30 150 


0.6888 


34,2 


0.7111 


35,3 




39,7 


33 147 


0.7503 


33,0 


0.7746 


54,1 


ft Q<71 A 
U. 0/ 1 Z 


38,5 


36 144 


0.8097 


31,8 


Q.8360 


52,8 


ft O/tftO 


56,9 


39 141 


0.8670 


30,4 


0.8950 


51,5 


1 ftftA/7 


55,4 


42 138 


0.9218 


an i 

zy,i 


VJ.VO L / 


30,0 


1.0703 


55,7 


45 135 


0.9741 


27,6 


1.0057 


28,4 


1 141ft 

1.131U 


1' 

0*, 1. 


48 132 


1.0238 


, 26,0 


1.0569 


2ft,9 


1.1887 


OV/,* 


51 129 


1.070ft 


24,4 


1.1053 


i 25,2 


1.2431 


ZD, a 


54 126 


1.1145 


22,7 


1.1506 


23,4 


1.2941 


ZO)<5 


57 123 


1.1554 


20,9 


1.1928 


21,6 


1.3415 


OA « 
Z4,o 


60 120 


U931 


19,1 


1.2317 


19,7 


1.5853 


22,2 


63 117 


1.2275, 


17,2 


1.2.672 


17,8 


1.4252 


20,1 


66 114 


1.2585. 


15,3 


1.2993 


15,8 


1.4613 


17,8 


69 111 


1.2861 


13,4 


1.3278 


13,8 


1.4933 


15,6 


72 kvo 


1.3102 


11,4 


1.3526 


11,8 


1.5213 


15,2 


i 

75 105 


1.3307 


9,3 


1.3738 


9,6 


1.5450 


10,9 


78 102 


1.3475 


7,3 


1.3911 


7,6 


1.5646 


8,5 


81 99 


1.3607 


5,2 


1:4047 


5,4 


1.5799 


6,1 


84 96 


i 1.3701 


3,1 


1.4144 


3,5 


L5908 


5,6 


87 93 


1.3757 


1,1 


1.4203 


1,1 


1.5973 


1,5 


90 9C 


-1.3776 - 


h 


— -1-4222H 


- 


-1.5996 H 


h 


(O+N 
Arguraen 


* t a Ononis 


Sinus 


Castor 



14 Procyon 

Diff. 
for 10' 



15 Pollux 



M« -1.5340 
N=338° 2' 



-6.0000+ 

0.0710 
0.1419 
0.2125 
0.2822 

0.5515 
, 0.4194 
Q.4864 
0.5520 
0.6162 

0.6786 
0.7592 
0.7977 
0.8541 
0.9081 

0-9597 
1.0086 
1.0547 
1.0980 
1.1582 

1.1754 
1.2093 
1.2399 
1.2670 
1.2908 

1.3109 
1.3275 
1.3405 
1.3497 
1.3555 
-1.5572+ 



Diff. 
for 10' 



59,4 
39,4 
39,1 
38,8 
S8,4 

37,8 
57,2 
56,4 
36,2 
34,7 

35,7 
52,5 
51,5 
50,0 
28,7 

27,2 
25,6 
24,1 
22,5 
20,7 

18,8 
17,0 
15,1 
13,2 
11,2 

9,2 
7,2 
5,1 
3,1 
1,1 



-0.0000 + 
0.0803 
0.1603 
0.2400 
0.3189 

0.3970 

0.4740 

0.5497' 

0.6239 

0.6964 

0.7670 
0.8355 
0.9017 
0.9654 
1.0265 

1.0847 
1.1400 
1.1921 
1.2411 
1.2865 

1.3285 
1.3668 
1,4014 
U4321 
1,4590 



Procyon 



1.4817 
1.5005 
1.5151 
1.5256 
1.5319 
-1.5340 + 

Pollux 



AipiIMDt 

(0 + N) 



44,6 
44,4 
44,3 
43,8 
43,4 

42,8 
42,1 
41,2 
>,3 
39,2 

38,1 
36,8 
35,4 
33,9 
32,3 

30,7 
28,9 
27,2 
25,2 
23,3 

21,3 
19,2 
17,1 
1<M> 
12,6 

10,4 
8,1 
5,8 



180 360 
183 357 

186 m 

189 351 
192 348 

195 345 
198 343 
201 339 
204 336 
207 333 

210 330 
213 327 
216 324 
219 321 
318 

225 315 
228 312 
231 309 
234 306 
237 303 

240 300 
243 297 
246 294 
249 291 
252 288 

255 285 
258 282 
261 279 
264 276 
267 273 
270 270 

(0 + *) 
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TABLE II. Aberration in Right Ascension, in time. 
M. sin ( 0 + N) 



461 



Argument 


16 a Hydrae 


17 Reguhis 


18 a Ursae Major. 


19 /3 Leonis 


20 /3 Virginia 


Argument 


(0+N) 


M=- 1.3145 
S =318° 39' 


Dir. 
for 10* 


M- -1.8158. 


Dir. 
for 10' 


M« -2.1516 
N=*288° 1' 


Dir. 
for 10* 


1.8020 
N«275°2I' 


Dir. 
for 10' 


W- -1.2559 
N=274 57' 


Diff 
for 10* 


(0 + N) 


0 180 


-6.0000+ 


38,2 


—0.0000+ 


38,3 


-6.0000+ 


80,0 


-6.0000+ 


37,8 


-6.0000+ 


36,5 


0 0 
180 360 


3 177 


0.0688 


38,1 


0.0689 


38,1 


0.1440 


79,8 


0.0681 


37,8 


0.0657 


36,4 


183 357 


6 174 


0.1374 


37,9 


0.1375 


37,9 


0.2876 


79,3 


0.1361 


37,6 


0.1313 


36,2 


186 354 


9 171 


0.2056 


37,6 


0.2058 


37,7 


0.4304 


78,7 


0.2037 


37,2 


0.1965 


35,9 


189 351 


12 168 


0.2733 


37,2 


0.2736 


37,2 


0.5721 


77,8 


0.2707 


36,8 


0.2611 


$5,5 


192 34* 


15 165 


0.3402 


36,7 


0.3406 


36,7 


0.7122 


76,7 


0.3370 


36,3 


0.3250 


35,1 


195 345 


18 162 


0.4062 


36,1 


0.4066 


36,1 


0.8503 


75,4 


0.4023 


35,7 


0.3881 


34,4 


198 342 


21 159 


0.4711 


35,3 


0.4716 


35,3 


0.9861 


73,9 


0.4666 


35,0 


0.4501 


- 33,7 


201 3*9 


24 156 


0.5346 


34,6 


0.5352 


34,6 


1.1192 


72,2 


0.5296 


34,2 


0.5108 


33,0 


204 336 


27 153 


0.5968 


33,6 


0.5974 


33,6 


1.2492 


70,3 


0.5911 


33,3 


0.5702 


32,1 


207 3S3 


30 150 


0.6572 


32,6 


0.6579 


32,7 


1.3758 


68,2 


0.6510 


32,3 


0.6279 


31,2 


210 330 


33 147 


0^159 


31,5 


0.7167 


31,5 


1.4986 


65,9 


0.7091 


31,2 


0.6840 


30,1 


213 327 


36 144 


0.7726 


30,3 


0.7734 


30,4 


1.6173 


63,5 


0.7653 


30 jl 


0.7382 


28,9 


2*6* 324 


39 141 


0.8272 


29,1 


0.8281 


29,1 


1.7316 


60,9 


0.8194 


28,8 


0.7903 


27,8 


210 321 I 


42 138 


0.8795 


27,8 


0.8805 


27,7 


1.8412 


58,0 


0.8712 


27,5 


0.8403 


2M 


222 3*8 


45 135 


0.9295 


26,3 


0.9304 


26,3 


1.9456 


55,1 


0.9207 


26,1 


0.8880 


2*,2 


223 315 


48 132 


0.9768 


24,8 


0.9778 


24,9 


2.0448 


52,0 


0.9676 


24,6 


0.9333 


23,* 


22g 31* 


51 129 


1.0215 


23,3 


1.0226 


23,3 


2.1384 


48,7 


1.0119 


23,1 


0.9760 


22,2 


231 309 


54 126 


1.0635 


21,6 


1.0645 


21,7 


2.2261 


45,3 


1.0534 


21,4 


1.0160 


20,7 


234 30b* 


57 123 


1.1024 


20,0 


1.1035 


20,0 


2.3077 


41,8 


1.0920 


19,8 


1.0532 


19,1 


237 303 


60 120 


1.1384 


18,2 


1.1395 


18,3 


2.3829 


38,2 


1.1276 


18,1 


1.0876 


17,4 


0\JVJ 


63 117 


1.1712 


16,4 


1.1724 


16,5 


2.4517 


34,4 


1.1601 


16,3 


1.1190 


15,7 


243 297 


66 114 


1.2008 


14,7 


1.2021 


14,6 


2.5137 


30,6 


1.1895 


14,4 


1.1473 


13,9 


246 294 


69 111 


1.2272 


12,7 


1.2284 


12,8 


2.5688 


26,7 


1.2155 


12,7 


1.1*24 


12,2 


249 291 


72 108 


1.2501 


10,9 


1.2514 


10,9 


2.6169 


22,7 


1.2383 


10,8 


1.1944 


10,4 


252 288 


75 105 


1.2697 


8,9 


1.2710 


8,9 


2.6578 


18,7 


1.2577 


8,8 


1.2131 


8,5 1 


255 285 


78 102 


1.2857 


7,0 


1.2871 


6,9 


2.6914 


14,6 


1.2736 


6,9 


1.2284 


6,7 * 


158 282 


81 99 


1 ; .2983 


5,0 


1.2996 


5,0 


2.7177 


10,4 


1.2860 


4,9 


1.2404 


4,8 5 


261 279 


84 96 


1.3073 


3,0 


1.3086 


3,0 


2.736$ 


6,3 


1.2949 


2,9 


1.2490 


2,8 \ 


264 276 


87 93 


1.3127 


1,0 


1.3140 


1,0 


2.7478 


2,1 


1.3002 


1,0 


1.2541 


1,0 c < 


16? 273 


90 90 


-1.3145 + 




-1.3158 + 




-2.7516 + 




-1.3020+ 




-1.2559+ 


^ 


*70 270 


(0 + N) 
Argument 


a Hydras 


Regufti 


s 


a Ursae Major. 


/3 Leonis 


0 Virginia 


(0 + N) 
Argument 
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468 Tables for computing the apparent Places 

TABLE II. Aberration in Right Ascension, in time. 



M. sin (0 +N) 



Argument 

(O + N) 


21 y Ursae Major. 


22 Spica Virginis 


23 . yj Ursae Major. 


24 Arctunis 


l 5 6 \ a« Librae 




M- -9.167 1 
N-274°8' 


Diff. 
for 10' 


M= + 1.2868 
N«-69°2*' 


Diff. 
for 10' 


M -.+ 1.9903 
N=-62° 50' 


Diff. 
for 10' 


M = + 1.3695 
N =55° 46* 


Diff. 
for 1C 


Al= + 1.3503 
N-=41° 10' 


Diff. 
for 10' 


(0+N) 


• o 

0 180 

3 177 
6 174 
9 171 
12 168 

15 165 
18 162 
21 159 
24 156 
27 153 

30 150 
33 147 
36 144 
39 141 
42 138 

45 135 
48 132 
51 129 
54 126 
57 123 

60 120 
63 117 
66 114 
69 111 
72 108 

75 105 
78 102 
81 99 
84 96 
87 93 
90 90 


—6.0000+ 

0-1134 
0.2265 
0.3390 
0.4506 

0.5609 
0.6697 
0.7766 
0.8815 
0.9839 

1.0836 
1.1803 
1.2738 
1.3638 
1.4501 

1.5324 
1.6105 
1.6842 
1.7533 , 
1.8175 

1.8768 
1.9309 
1.9798 
2.0232 
2.0611 

2.0933 
2.1198 
2.1405 
2.1553 
2.1642 
-2.1671 + 


63,0 
62,8 
62,5 
62,0 
61,3 

60,4 
59,4 
58,3 
56,9 
55,4 

53,7 
51,9 
50,0 
48,9 
45,7 

43,4 
40,9 
38,4 
35,7 
32,9 

30,1 
27,2 
24,1 
21,1 
17,9 

14,7 
11,5 
8,2 
4,9 
1,6 


+6.0000— 
0.0673 
0.1345 
0.2013 
0.2675 

0.3331 
0.3976 
0.4612 
0.5234 
0.5842 

0.6434 
0.7009 
0.7564 
0.8098 
0.8611 

0.9099 
0.9563 
1.0000 
1.0411 
1.0792 

1.1144 
1.1466 
1.1756 
1.2013 
1.2239 

1.2430 
1.2587 
1.2710 
1.2798 
1.2851 
+ 1.2868- 


37,4 
37,3 
37,1 
36,8 
36,4 

35,8 
35,3 
34,6 
33,8 
32,9 

31,9 
30,8 
29,7 
28,5 
27,1 

25,8 
24,3 
22,8 
21,2 
19,6 

17,9 
16,1 
14,3 
12,6 
10,6 

8,7 
6,8 
4,9 
2,9 
0,9 


+6.0000— 
0.1042 
0.2080 
0.3113 
0.41 38 / 

0.5151 
0.6150 
0.7132 
0.8095 
0.9036 

0.9951 
1.0840 
1.1699 
1.2525 
1.3317 

1.4073 
1.4790 
1.5467 
1.6102 
1.6692 

1.7236 
1.7733 
1.8182 
1.8581 
1.8929 

1.9224 
1.9467 
1.9658 
1.9793 
1.9875 
+ 1.9903- 


57,9 
57,7 
57,4 
56,9 
56,3 

55,5 
54,6 
53,5 
52,3 
50,8 

49,4 
47,7 
45,9 
44,0 
42,0 

39,8 
37,6 
35,3 
32,8 
30,2 

27,6 
24,9 
22,2 
19,3 
16,4 

13,5 
10,6 
7,5 
4,6 
1,6 


+6.0000— 

0.0717 
0.1432 
0.2142 
0.2847 

0.3545 
0.4232 
0.4908 
0.5570 
0.6218 

0.6848 
0.7459 
0.8050 
0.8619 
0.9164 

0.9684 
1.0178 
1.0643 
1.1080 
1.1486 

1.1861 
1.2203 
1.2513 
1.2786 
1.3026 

1.3229 
1.3396 
1.3527 
1.3620 
1.3676 
+ 1.3695- 


39,8 
39,7 
39,4 
39,2 
38,8 

38,2 
37,6 
36,8 
36,0 
35,0 

33,9 
32,9 
31,6 
30,3 
28,9 

27,4 
25,8 
24,3 
22,6 
20,8 

19,0 
17,2 
15,2 
13,3 
11,3 

9,3 
7,3 
5,2 
3,1 


+6.0000- 
0.0707 
0.1411 
0.2112 
0.2808 

0.3495 
0.4173 
0.4839 
0.5492 
0.6130 

0.6752 
0.7354 
0.7937 
0.8498 
0.9035 

0.9548 
1.0035 
1.0494 
1.0924 
1.1325 

1.1694 
1.2034 
1.2336 
1.2606 
1.2845 

1.3043 
1.3208 
1.3337 
1.3429 
1.3485 
+ 1.3503- 


39,3 
39,1 
38,9 
38,7 
38,2 

37,7 
37,0 
36,3 
35,4 
34,6 

33,4 
32,4 
31,2 
29,8 
28,5 

27,1 
25,5 
24,4 
22,3 
20,5 

18,8 
16,9 
15,0 
13,3 
11,0 

9,2 
7,2 
5,1 
3,1 
1,0 


180 360 
183 357 
186 354 
189 351 
192 348 

195 345 
198 342 
201 339 
204 336 
207 333 

210 330 
213 327 
216 324 
219 321 
222 318 

225 315 
228 312 
231 309 
234 306 
237 303 

240 300 
243 297 
246 294 
249 *91 
252 288 

255 285 
258 382 
261 279 
264376 
267 373 
270370 

(0+») 


<0 + N) 
Argument 

- 


y Ursae Major. 


Spica Virginis 


i) Ursae Major. 


Arctnrus 


a « Libra? 
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9f the Jbrty-four principal Fixed Stars. 
TABLE II. Aberration in Right Ascension, in time. 
M. sin (© + N) 
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t 27 j8 Ursae Minor. 


28 a Gor. Bor. 


29 Serpentis 


30 Antares 


31 a Herculis 


Argument 


) M= +5.0016 


Diff. 


M = + 1.4907 


Diff. 


M+ =1.3385 


Diff. 


M= + 1.4990 


Diff. 


M = + 1-.4063 


Diff. 


(O + N) 


N=44°43 # 


for 10' 


N=35° 45' 


for 10' 


N =33° 42' 


for 10' 


N «=2S° 24' 


forlO 7 


N = 12° 13* 


for 10* 




+0.0000- 


145,4 


+6.0000 - 


43,3 


+6.0000 - 


38,9 


+6.0000 — 


43,6 


+6.0000- 


40,9 


o O 
J. OU OKtKJ 


0.2618 


145,0 


0.0780 


43,2 


0.0701 


38,8 


0.0785 


43,4 


0.0736 


40,8 


183 357 


0.5228 


144,2 


0.1558 


43,0 


0.1399 


38,6 


0.1567 


43,2 


0.1470 


40,6 


186 354 


0.7824 


143,1 


0.2332 


42,6 


0.2094 


38,3 


0.2345 


42,9 


0.2200 


40,2 


189 351 


1.0399 


141,4 


0.3099 


42,2 


0.2783 


37,8 


0.3117 


42,4 


0.2924 


39,8 


192 348 


1.2945 


139,5 


0.3858 


41,6 


0.3464 


37,3 


0.3880 


41,8 


0.3640 


39,2 


195 345 


1.5456 


137,1 


0.4606 


40,9 


0.4136 


36,7 


0.4632 


41,1 


0.4346 


38,6 


198 342 


1.7924 


134,4 


0.5342 


40,1 


0.4797 


35,9 


0.5372 


40,3 


0.5040 


37,8 


201 339 


2.0343 


131,3 


0.6063 


39,2 


0.5444 


35,2 


0.6097 


39,3 


0.5720 


36,9 


204 336 


2.2707 


127,8 


0.6768 


38,1 


0.6077 


34,2 


0.6805 


38,3 


0.6385 


35,9 


207 333 


2.5008 


124,1 


0.7453 


37,0 


0.6693 


33,2 


0.7495 


37,2 


0.7032 


34,8 


210 330 


2.7241 


119,9 


0.8119 


35,7 


0.7290 


32,1 


0.8164 


35,9 


0.7659 


33,7 


213 327 


2.9399 


115,4 


0.8762 


34,4 . 


0.7868 


30,9 


0.8811 


34,6 


0.8266 


32,4 


216 324 


3.1476 


110,6 


0.9381 


33,0 


0.8424 


29,6 


0.9434 


33,1 


0.8850 


31,1 


219 321 


3.3467 


105,5 


0.9975 


31,4 


0.8957 


28,2 


1.0030 


31,7 


0.9410 


29,7 


222 318 


3.5366 


100,2 


1.0541 


29,8 


0.9465 


26,8 


1.0600 


30,0 


0.9944 


28,2 


225 315 


3.7169 


94,5 


1.1078 


28,2 


0.9947 


25,3 


1.1140 


28,3 


1.0451 


26,6 


228 312 


3.8870 


88,6 


1.1585 


26,4 


1.0403 


23,7 


1.1650 


26,5 


1.0929 


24,9 


231 309 


4.0464 


82,4 


1.2060 


24,5 


1.0829 


22,1 


1.2127 


24,7 


1.1377 


23,2 


234 306 


4.1947 


76,0 


1.2501 


22,7 


1.1226 


20,3 


1.2572 


22,8 


1.1794 


21,4 


237 303 


4.3315 




1 QOIA 

iu 


*U,7 




1 O ft 

18,0 


1 .2982 


20,8 


1.2179 


19,5 


9 An ' 4rtn 
Z*tU oUU 


4.4565 


62,6 


1.3282 


18,7 


1.1927 


16,7 


1.3356 


18,8 


1.2530 


17,6 


243 297 


4.5692 


55,7 


1.3618 


16,6 


1.2228 


14,9 


1.3694 


16,7 


1.2847 


15,7 


246 294 


4.6694 


48,6 


1.3917 


14,5 


1.2497 


13,0 


1.3995 


14,6 


1.3129 


13,7 


249 291 


4.756^ 


41,2 


1.4178 


12,3 


1.2731 


11,0 


1.4257 


12,3 


1.3375 


11,6 


252 288 


4.8311 


34,0 


1.4399 


10,1 


1.2929 


9,1 


1.4479 


10,2 


1.3584 


9,6 


255 285 


4.8923 


26,5 


1.4581 


7,9 


1.3093 


7,1 


1.4663 


7,9 


1.3756 


7,4 


258 282 


4.9400 


19,0 


1.4723 


5,7 


1.3221 


5,1 


1.4806 


5,7 


1.3890 




261 279 


4.9742 


11,4 


1.4825 


3,4 


1.3312 


3,1 


1.4908 


3,4 


1.3986 


3,2 


264 276 


4.9947 


3,8 


1.4886 


1,2 


1.3367 


1,0 


1 .4970 


1,1 


1.4044 


M 


267 273 


+ 5.0016- 




+ 1.4907 — 




+ 1.3385- 




+ 1.4990-. 




+ 1.4063— 




270 270 






















(0 + JO 


/3 Ursae Minor* 


a Cor. Bor. 


a Serpentis 


Antares 


a Herculis 


Argument 



9 171 
12 168 

15 165 
18 162 
21 159 
24 156 
27 153 

30 150 
33 147 
36 144 
39 141 
42 138 

45 135 
48 132 
51 129 
54 126 
57 123 

60 120 
63 117 
66 114 
69 111 
72 108 

75 105 
78 102 
81 99 
84 96 
87 93 
90 90 

(0 + N) 
Argument 
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Tables for computing the apparent Places 



TABLE II. Aberration in Right Ascension, in time. 
M.sin(G+N) 



I Argument 
1(0 +*0 



32 a Ophiuchi 



Ms + 1.3986 



33 y Draconis 



0 

3 177 
6 174 
9 171 
12 168 

15 165 
18 162 
I 21 159 
24 156 
27 153 

I 30 150 
I 33 147 
36 144 
39 141 
j 42 138 



+0.0000- 
0.0731 
0.1462 
0,2188 
0.2908 

0.3620 
04322 
0.5012 
0.5689 
0.6350 

0.6993 
0.7617 
0-8221 
0.8802 
0.9359 



Diff. 
for 10' 



M= +2.1958 
N = l° 41' 



I 45 135 
48 132 
51 129 
54 126 
57 123 

I 60 120 
63 117 
I 66 114 
i 69 111 
I 72 108 

| 75 105 
I 78 102 
| 81 99 
I 84 96 
87 93 
i 90 90 



0.9890 
1.0394 
1.0869 
1.1315 
1.1730 

1.2112 
1.2462 
1.2777 
1.3057 
1.3302 



1(0 + N) 
I Argument 



40,7 
40,6 
40,3 
40,0 
39,6 

39,0 
38,3 
37,6 
36,7 
35,7 

34,6 
33,6 
32,3 
30,9 
29,5 

28,0 
26,4 
24,8 
23,1 
21,2 

19,4 
17,5 
15,6 
13,6 
11,6 



+ 0.0000 
0.1149 
0.2295 
0.3435 
0.4565 



1.3510 
1.3680 
1.3814 
1.3909 
1.3967 
+ 1.3986- 



9,4 
7,4 
5,3 
3,2 
1,1 



a Ophiuchi 



Diff. 
for ltf 



34 a Lyra 

DiffT 
for 10' 



M= + 1.1469 
N =352° 50' 



0.5683 
0.6785 
0.7869 
0.8931 
0.9969 

1.0979 
1.1959 
1.2907 
1.3818 
1.4693 

1.5526 
1.6318 
1.7064 
1,7764 
1.8415 

1.9016 
1.9565 
2.0059 
2.0499 
2.0883 

2.1209 
2.1478 
2.1688 
2.1837 
2.1928 
+2.1958- 



63,8 
63,7 
63,3 
62,8 
62,1 

61,2 
60,2 
59,0 
57,7 
56,1 

54,4 
52,7 
50,6 
48,6 
46,3 

44,0 
41,4 
38,9 
36,2 
33,4 



+6.0000— 

0.0914 
0.1826 
0.2733 
0.3632 

0.4521 
0.5398 
0.6260 
0.7105 
0.7931 

0.8735 
0.9514 
1.0268 
1.0994 
1.1689 

1.2352 
1.2982 
1.3576 
1.4133 
1.4651 



30,5 
27,4 
24,4 
21,3 
18,1 

14,9 
11,7 
8,3 
M 
1,7 



1.5129 
1.5565 
1.5959 
1.6309 
1.6614 

1.6874 
1.7087 
1.7254 
1.7373 
1.7445 
+1.7469 



35 y Aquil* 

Diff. 
forlC 



M = + 1.3695 
N -=337° 16' 



50,8 
50,7 
50,4 
49,9 
49,4 

48,7 
47,9 
46,9 
45,9 
44,7 

43,3 
41,9 
40,3 
38,6 
36,8 

35,0 
33)0 
30,9 
28,8 
26,6 



+0.0000- 
0.0717 
0.1432 
0.2142 
0.2847 

0.3545 
0.4232 
0.4908 
0.5570 
0.6218 

0.6848 
0.7459 
0.8050 
0.8619 
0.9164 

0.9684 
1.0177 
1.0643 
1.1080 
1.1486 



21,9 
19,4 
1«,9 
14,4 

11,8 
9,3 
6,6 
4,0 
1,3 



y Draconis 



a Lyre 



1.1860 
1.2203 
1.2511 
1.2786 
1.3025 

1.3228 
1.3396 
1.3527 
1.3620 
1.3676 
+ 1.3695 



39,8 
39,7 
39,4 
39,2 
38,8 

38,2 
37,6 
36,8 
36,0 
35,0 

33,9 
32,9 
31,6 



36 a Aqoils Arg 


M= + 1.3609 


Diff. (0 


N«=»336°15' i 


brltf 


+6.0000— 


39,6" 18 


0.0712 


39,5 18 


0.1423 


39,2 18 


0.2129 


38,9 If 


0.2830 


38,4 H 


0.3522 


38,0 11 


0.4206 


37,3 1 


0.4877 


36,6 2 


0.5535 


35,8 2 


0.6179 


34,8 2 


0.6805 


33,7 2 


0.7412 


32,6 2 


0.7999 


31,4 2 


** 0.8565 


30,1 i 


0.9106 


28,7 3 


\ 0.9623 


27,3 \ 


) 1.0114 


25,7 \ 


i 1.0576 


24,1 


5 1.1010 


22,4 


3 1.1414 


20,7 


1 1.1786 


18,9 


1 1.2126 


16,1 


3 1.2433 


15,1 


3 1.2705 


13,4 


3 1.2943 


11,3 


3 1.3146 


9,2 


3 1.3312 


7,4 


fl, 1.3442 


5,2 


,1 1.3535 


3,2 


,1 1.3591 


1,0 


+ 1.3609- 





y Aqnite 



246 294 
249 291 
252 288 

255 285 
258 282 
261 278 
264 27C 
267 273 
270 270 
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TABLE II. Aberration in Right Ascension, in time. 
M. sin ( © + N) 
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Argument 


37 /3 Aquilae 


(0 + N) 


M- + 1.3519 
N=335° 12' 


Diff. 
for Iff 


0 0 

0 180 


4-0.0000— 


39,3 


3 177 


0.0708 


39,2 


. 6 174 


0.1413 


39,0 


9 171 


0.2115 


38,7 


12 168 


0.2811 


38,2 


15 165 


0.3499 


37,7 


18 162 


0.4178 


37,1 


21 159 


6.4845 


36,3 


24 156 


0.5499 


35,5 


27 153 


0,6138 


34,6 


30 150 


0.6760 


33,5 


33 147 






36 144 


0 7047 


^1 9 
O I ,z 


39 141 




90 0 


42 138 


0.9046 


28,6 


45 135 


\J • 9</OU 


97 1 
Z/,1 


48 132 


1 0047 


9 5 fi 


51 129 


1.0507 


99 Q 


54 126 




99 9 
ZZ x 


57 123 


1 1 


9fl ft 


60 120 


1.1708 


18,8 


63. 117 


1.2046 


16,9 


66 114 


1.2351 


15,0 


69 111 


1.2621 


13,2 


72 108 


1.2858 


11,2 


75 105 


1.3059 


9,2 


78 102 


1.3224 


7,2 


81 99 


1.3353 


5,1 


84 96 


1.3445 


3,1 


87 93 


1.3501 


1,0 


90 90 


+1.3519- 




(0 + N) 
Argument 


0 Aquilae 



a'Capricorni 


40 a Cygoi 


41 a Cephei 


42 /3 Cephei 


Argument 


M= + 1.3711 


Diff. 


M= + 1.8609 


Diff. 


M= +2.7660 


Diff. 


M- +3.7631 


Diff. 


(O + N) 


N=3S0°8' 


for 10' 


N~323°.29' 


for 1C 


N~S1S°50' 


for 10' 


N" =*310° 49' 


for 10' 




+■ 0.0000 — 


on o 


+ U.UUUU — 


04,1 


i f\ r\f\fV\ 

-f- U.UUUU— 


ftfi 4 


i n noon— 


109,4 


180 360 


0.0718 


39,7 


U.Uy/4 


oo,y 


f\ -I A AO 

U. l44o 


oU,Z 


0.1969 


109,2 


183 357 


0. 1433 


39,6 


f\ 1 t\A R 

0.1945 


co rr 
03,/ 


n ocn i 

u.zoy I 


*7Q Q 




108,5 


186 354 


0.2145 


39,2 


0.291 1 


CO o 


rk A 9C*T 

U.43z7 


•70 1 


n ^ftft7 


107 6 


189 351 


0.2851 


38,8 


0.3869 


52,6 


0.5751 


78,2 


0.7824 


106,4 


192 348 


0.3549 


38,2 


0.4816 


K1 O 


ATI 

v^.y l oy 


77 7 


0.9740 


104,9 


195 345 


0.4237 


37,6 


0.5750 


01,1 


rv Q CAQ 


75 ft 

/ 0,0 


1 . 1 629 


103,2 


198 342 


0.4914 


36,8 


0.6669 


ou,u 


u.yy 13 


74 *. 


1.3486 


101,1 


201 339 


0.5577 


36,0 


0.7569 


4o,o 


JL.lZOU 


79 7 


1.5306 


98,8 


204 336 


0 fl99<i 

W.UZZ J 


35,1 


0.8448 


47,6 


1.2558 


70,7 


1.7084 


96>2 


207 333 


0.6856 


34,0 


0.9,304 




1.3o3U 


Aft ft 


1.8816 


93,3 


210 330 


0.7468 


32,8 


1.0135 


/!/< ft 

44,0 


1 CAR R 

1.0U00 




2.0496 


90 2 


213 327 


0.8059 


31,7 


1.0938 


AO O 


1 fta CO 
l.OzOo 


8? ft 


2.2119 


86,8 


216 324 


0.8629 


30,3 


1.1711 


41,2 


1.74U7 


fil 9 


2.3682 


83 2 


219 321 


O 0174 


28,9 


1.2452 


39,2 


1.8508 


58,9 


2.5180 


79,4 


222 318 


0.9695 


27,4 


1.3158 


37,3 


i.yooy 


55 4 


2.6600 


75,3 


225 315 


1.0189 


25,9 


1.3829 


9jc a 
35,z 


Z.UOOO 


52 ,2 


2.7965 


71.1 


228 312 


1.0655 


24,3 


1.4462 


32,9 


2.14*0 


40 O 
**y,v 


2.9245 


66,7 


231 309 


1.1093 


22,6 


1.5055 


30,7 


Z.Z3/0 


45,6 


3.0445 


61,9 


a 9 4 OA/? 

234 out) 


1.1499 


20,8 


1.5607 


28,3 


a 91 no 


42 1 

**Z,1 


3.1560 


57,2 


237 303 


1.1874 


19,1 


1.6116 


25,8 


2.3955 


9Q /t 

3o,4 


9 a fton 


52,2 


240 300 


1.2217 


17,2 


1.6581 


23,3 


2.4646 


34,6 


3.3530 


47,1 


243 297 


1.2526 


15,2 


1.7000 


20,7 


2.5269 


30,8 


3.4378 ! 


41,9 


246 294 


1.2800 


13,3 


1,7373 


18,1 


2.5823 


26,9 


3.5132 


36,6 


249 291 


1.3040 


11,3 


1.7698 


15,4 


2.6307 


22,8 


3.5790 


31,1 


252 288 


1.3244 


9,3 


1.7975 


12,6 


2.6718 


18,8 


3.6349 


25,6 


255 285 


1.3411 


7,3 


1.8202 


9,9 


2.7056 


14,7 


3.6809 


19,9 


258 282 


1.3542 


5,2 


1,8380 


7,1 


2.7320 


10,5 


3.7168 


14,3 


261 279 


1.3636 


3,1 


1.8507 


4,2 


2.7509 


6,3 


3.7425 


8,6 


264 276 


1.3692 


1,1 


1.8583 


1,4 


2.7622 


2,1 


3.757 9 


2,9 


267 273 


+ 1.3711- 




+ 1.8609- 




+3.7660— 




+ 3.7631- 




270 270 


















(0 + N) 


a* Capricorn! 


a Cygni 


j a Cephei 


/3 Cephei 


Argument 
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Tables for computing the apparent Places 
TABLE II. Aberration in Right Ascension, in 



M. sin ( 0 + N) 



Argument 
I (0 + N) 



43 a Aquarii 



44 Fomalhaut 45 



M- + 1.2844 
5**.302°5T 



0 180 
3 177 
6 174 
9 171 
12 168 

15 165 
18 162 
I 21 159 
24 156 
27 153 

| 30 150 
33 147 
36 144 
39 141 

I 42 138 



+0.0000— 
0.0672 
0.1343 
0.2009 
0.2670 

0.3324 
0.3969 
0.4603 
0.5224 
0.5831 

0.6422 
0.6995 
0.7550 
0.8083 
0.8594 



Diff. 
for Iff 



M« + 1.4683 Diff. 
N=289°26' forltf 



| 45 135 
48 132 
51 129 

I 54 126 
57 123 

60 120 
63 117 
| 66 114 
I 69 111 
72 108 

75 105 
78 102 
I 81 99 
84 96 
87 93 
90 90 



I (0 + N) 
I Argument 



0.9082 
0.9545 
0.9982 

1.0391 

1.0772 

1.1123 
1.1444 
1.1734 
1.1991 
1.2215 

1.2406 
1.2563 
1.2686 
1.2774 
1.2826 
+ 1.2844- 



37,3 
37,3 
37,0 
36,7 
36,3 

35,8 
35,2 
34,5 
33,7 
32,8 

31,8 
30,8 
29,6 
28,4 
27,1 

25,7 
24,3 
22,7 
21,2 
19,5 



M» +1.3049 
N-281° 17' 



+0.0000- 
0.0768 
0.1535 
0.2297 
0.3053 

0.3800 
0.4537 
0.5262 
0.5972 
0.6666 

0.7341 
0.7997 
0.8630 
0.9240 
0.9824 

1.0382 
1.0911 
1.1410 
1.1878 
1.2314 



17,8 
16,1 
14,3 
12,4 
10,6 

8,7 
6,8 
4,9 
2,9 
1,0 



a Aquarii 



1.2715 
1.3082 
1.3413 
1.3707 
1.3964 

1.4182 
1.4362 
1.4502 
1.4602 
1.4662 
+ 1.4683- 



46 a Andromedas 



Diff. 
for 10' 



42,7 
42,7 
42,3 
42,0 
41,5 

40,9 
40,3 
39,4 
38,6 
37,5 

36,4 
35,2 
33,9 
32,4 
31,0 

29,4 
27,7 
26,0 
24,2 
22,3 

20,4 
18,4 
16,3 
14,3 
12,1 

10,0 
7,8 
5,6 
3,3 
1,2 



+0.0000— 
0.0682 
0.1362 
0.2038 
0.2709 

0.3372 
0.4026 
0.4669 
0.5299 
0.5915 

0.6514 
0.7096 
0.7658 
0.8199 
0.8718 

0.9213 
0.9682 
1.0125 
1.0540 
1.0927 

1.1283 
1.1609 
1.1902 
1.2163 
1.2391 

1.2585 
1.2744 
1.2868 
1.2957 
1.3011 
+ 1.3029- 



Fomalhaut 



37,9 
37,8 
37,6 
37,3 
36,8 

36,3 
35,7 
35,0 



[mr + 1.4219 

-270° 6' 



+0.0000- 
0.0744 
0.1486 
0.2224 
0.2956 

0.3680 
0.4394 
0.5096 
0.5783 
0.6455 



32,3 
31,2 
30,1 
28,8 
27,5 

26,1 
24,6 
23,1 
21,5 
19,8 

18,1 
16,3 
14,5 
12,7 
10,8 

8,8 
6,9 
4,9 
3,0 
1,0 



Diff. 
for 10' 



Argument 
(O+N) 



a Pegasi 



0.7110 
0,7744 
0.8358 
0.8948 
0.9514 

1.0054 
1.0567 
1.1050 
1.1503 
1.1925 

1.2314 
1.2669 
1.2990 
1.3275 
1.3523 

1.3734 
1.3908 
1.4044 
1.4141 
1.4199 
+ 1.4219- 



41,3 
41,2 
41,0 
40,7 
40,3 

39,7 
39,0 
38,2 
37,3 
36,4 

35,2 
34,1 
32,8 
31,4 
30,0 

28,5 
26,8 
25,2 
23,4 
21,6 



180 360 
183 357 
186 354 
189 351 
192 348 

195 345 
198 342 
201 339 
204 336 
207 333 

210 330 
213 327 
216 324 
219 321 
222 318 

225 315 
228 312 
231 309 
234 306 
237 303 



19,7 
17,8 
15,8 
13,8 
11,7 

9,7 
7,6 
5,4 
3,2 
1,1 



a Andromedae 
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of the forty-four principal Fixed Stars. 
TABLE III. Lunar Nutation in Right Ascension, in time. 
M'.sin(a +N') 



467 



Argument 


1 y Pegasi 


2 a Cassiop. 


3 Polaris 


(ft + »') 


M'= — 1.0398 


Diff. 


M'= -1.4110 


Uifl; 


M'* -21.3643 


Diff. 


N'«8° 24' 


for 1C 


N'-37° 62' 


for 10' 


N'«76° V 


for 1C 


6 180 


-0.0000+ 


30,2 


-0.000Q+ 


41,0 


-0.0000+ 


621,2 


3 177 


0.0544 


30,2 


0.0738 


40,9 


1.1181 


619,5 


6 174 


0.1087 


30,0 


0.1475 


40,7 


2.2332 


616,1 


9 171 


0.1627 


29,8 


0.2207 


40,4 


3.3421 


611,0 


12 168 


0.2162 


29)4 


0.2934 


39,9 


4.4419 


604,3 


15 165 


0.2691 


29,0 


0.3652 


39,3 


5.5296 


595,7 


18 162 


0.3213 


28,5 


0.4360 


38,7 


6.6019 


585,8 


21 159 


0.3726 


27,9 


0.5057 


37,9 


7.6563 


574,1 


24 156 


0.4229 


27,3 


0.5739 


37,0 


8.6896 


560,9 


27 153 


0.4720 


26,6 


0.6406 


36,1 


9.6993 


546,1 


30 150 


0.6199 


25,8 


0.7055 


35,0 


10.6822 


529,8 


S3 147 


0.5663 


24,9 


0.7685 


33,8 


11.6359 


512,1 


36 144 


0.6112 


23,9 


0.8294 


32,6 


12.5577 


492,9 


39 141 


0.6543 


.23,0 


0.8880 


31,2 


13.4450 


47S,5 


42 138 


0.6957 


21,9 


0.9442 


29,8 


14.2955 


450,7 


45 135 


0.7352 


20,8 


0.9977 


28,3 


15,1067 


427,8 


48 132 


0.7727 


19,6 


1.0486 


26,7 


15.8767 


403,6 


51 129 


0.8080 


18,4 


1.0966 


25,0 


16.6031 


378,4 


54 126 


0.8412 


17,l' 


. 1.1416 


23,2 


17.2842 


351,9 


67 123 


0.8720 


15,8 


1.1834 


21,4 


17.9176 


324,7 


60 120 


0.9005 


14,4 


1.2220 


19,6 


18.5021 


296,5 


63 117 


0.9264 


13,1 


1.2572 


17,7 


19.0358 


267,5 


66 114 


0.9499 


11,6 


1.2891 


15,7 


19.6173 


237,8 


69 111 


0.9707 


10,1 


1.3173 


13,7 


19.9453 


207,6 


72 108 


0.9889 


8,6 


1.3420 


11,6 


20.3189 


176,3 


75 105 


1.0043 


V 


1.3630 


9,6 


20.6362 


145,1 


78 102 


1.0170 


5,5 


1.3802 


7,5 


20.8973 


113,3 


81 99 


1.0269 


3,6 


1.3937 


5,3 


21.1013 


81,0 


84 96 


1.0340 


2,4 


1.4033 


3,2 


21.2471 


48,8 


87 93 


1.0383 


0,8 


1.4091 




21.3349 


16,3 


90 90 


-1.0398+ 




-1.4110+ 




-21.3643+ 




(ft + N') 














Argument 


y Pegasi 


oc Cassiop. 


Polaris 



a Arietis 



M = — 1.1386 Diff. 
N'-llM' forlC 



5 a Ceti 

M'~- 1.04496 Diff. 
N'=l°26' forlC 



Argument 
(ft + N') 



-0.0000- 
0.0596 
0.1190 
0.1781 
0.2367 

0.2947 
0.3519 
0.4081 
0.4631 
0.5169 

0.5693 
0.6202 
0.6693 
0.7166 
0.7619 

0.8051 
0.8462 
0.8849 
0.9212 
0.9549 

0.9861 
1.0145 
1.0402 
1.0630 
1.0829 

1.0998 
1.1138 
1.1246 
1.1324 
1.1371 
-1.1386 + 



33,1 
33,0 
32,8 
32,6 
32,2 

31,7 
31,2 
30,6 
29,9 
29,1 

28,2 
27,3 
26,3 
25,2 
24,0 

22,8 
21,5 
20,2 
18,8 
17,3 

15,8 
14,3 
12,7 
11,1 
9,4 

7,7 
6,0 
4,3 
2,6 
0,9 



-0.0000 + 
0.0547 
0.1092 
0.1635 
0.2173 

0.2705 
0.3229 
0.3745 
0.4250 
0.4744 

0.5225 
0.5691 
0.6142 
0.65*6 
0.6902 

0.7389 
0.7763 
0.8121 
0.8454 
0.8764 

0.9050 
0.9311 
0.9546 
0.9756 
0.9938 

1.0094 
1.0221 
1.0321 
1.0393 
1.0435 
-1.0450 + 



30,4 
30,3 
30,1 
29,9 
29,5 

29,1 
28,6 
28,1 
27,4 
26,7 

25,9 
25,1 
24,1 
23,1 
22,0 

20,8 
19,9 
18,5 
17,2 
15,9 

14,5 
13,1 
11,6 
10,2 
8,6 

7,1 
5,5 
4,0 
2,3 
0,8 



Arietis 



a Ceti 



180 360 
183 357 
186 354 
189 351 
192 348 

195 345 
198 342 
201 339 
204 336 
207 333 

210 330 
213 327 
216 324 
219 321 
222 318 

225 315 
228 312 
231 309 
234 306 
237 303 

240 300 
243 297 
246 294 
249 291 
252 288 

255 285 
258 282 
261 279 
264 276 
267 273 
270 270 

(ft+ N') 
Argument 
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Tables for computing the apparent Places 
TABLE III. Lunar Nutation in Right Ascension, in time. 
M'.sin(8 + NO 



1 . .ft 
■ Argument 0 


a Persei 7 


Aldebaran 8 


Capella 9 

— — - . - — -rrr 


(ft+ »') I 


[^3 1.4853 


Diff. M 


' as — l . 14 69 


raff v 
urn. y 


'=—1.4786 


Dm. m - 


'~lb°13' 


for 10' N 


'=3° 2T 1 


for 10' N 


',=5° 46' ' i 


For 10* N' = 


1 0 180 - 


-6.0000+ 


43,2 - 


-o.oooo + 


33,3 - 


-6.0000 + 


43,U — 


I 3 177 


0.0777 


43,1 


0.0600 


33,3 


0.0774 


A<9 Q 


1 6 174 


0.1553 


42,8 


0.1199 


33,1 


0.1546 


ACt A 


1 9 171 


0.2324 


42,5 


0.1794 


32,8 


0.2313 


Act 9 


I 12 168 


0.3088 . 


42,0 


0.2384 


99 A 
3*,4 


ft 9CY7A 


41,8 


J 15 165 


0.3844 


41,4 


0.2968 


32,0 


0.3827 


41,* 


1 18 162 


0.4590 


40,7 


0.3544 


31,4 


0.4569 


An & 
4U,0 


1 21 159 


0.5323 


39,9 


0.4110 


30,8 


0.5299 


on m 

3y,7 


j 24 156 


0.6041 


39,0 


0.4665 


30,1 


0.6014 


9Q Q 

3o,o 


1 27 153 


0.6743 


38,0 


0.5207 


an * 




37,8 


1 30 150 


0.7427 


36,8 


0.5734 


28,4 


0.7393 


9tt *y 
30,/ 


J 33 147 


0.8090 


35,6 


0.6246 


27,5 


0.8053 


9K A 
30,4 


1 36 144 


0.8731 


34,3 


0.6741 


26,5 


0.8691 


9A 1 

*4> A 


1 39 141 


0.9347 


32,9 


0.7217 


25,4 


0.9306 


9Ct 17 


1 42 138 


0.9939 


31,3 


0.7674 


24,2 


u.yt>y4 


31,2 


I 45 135 


1.0503 


29,7 


0.8109 


23,0 


1.0456 


an ft 

2y,o 


1 48 132 


1.1038 


28,1 


0.8523 


21,7 


1.0989 


Cf7 O 

27, y 


1 51 129 


1.1543 


26,3 


0.8913 


20,3 


1.1491 


26,2 


1 54 126 


1.2017 


24,5 


0.9278 


18,9 


1.1963 


24,4 


1 57 123 


1.2457 


22,6 


0.9618 


17,4 


1.2401 


act a 
22,0 


J 60 120 


1.2863 


20,6 


0.9932 


15,9 


1.2806 


20,5 


1 63 117 


1.3234 


18,6 


1.0219 


14,4 


1.3175 


18,5 


1 66 114 


1.3569 


16,5 


1.0477 


12,8 


1.3508 


16,5 


I 69 111 


1.3867 


14,4 


1.0707 


11,1 


1.3804 


14,4 


1 72 108 


1.4126 


12,3 


1.0907 


9,5 


1.4063 


12,2 


1 75 105 


1.4347 


10,1 


1.1078 


7,8 


1.4283 


10,0 


1 78 102 


1.4528 


7,9 


1.1218 


6,1 


1.4463 


7,8 


1 81 99 


1.4670 


5,6 


1.1327 


4,3 


1.4605 


5,6 


1 84 96 


1.4772 


3,4 


1.1406 


2,6 


1.4706 


3,4 


1 87 93 


1.4832 




1.1453 


0,9 


1.4766 




1 90 9C 


) -1.4853- 


f 


-1.1469 H 


h 


-1.4787 + 




I (So + N 


* a Persei 


Aldebaran 


Capella 


1 Argument 1 




1 









Rigel 



10 /3Taori 



=S5S° 47' 



Diff. 
forlO' 



-15648 

N'«2°50' 



0.2491 
0.2974 
0.3449 
0.3915 
0.4370 

0.4813 
0.5242 
0.5658 
0.6057 
0.6441 

0.6806 
0.7153 
0.7480 
0.7787 
0.8072 

0/8336 
0.8576 
0.8793 
0.8986 
0.9154 



0.9297 
0.9415 
0.9507 
0.9572 
0.9612 
-0.9625 + 



Diff. 
fdrltf 



28,0 
27,9 
27,8 
27,5 
27,2 

26,8 
26,4 
25,9 
25,3 
24,6 

23,9 
23,1 
22,2 
21,3 
20,3 

19,3 
18,2 
17,1 
15,9 
14,6 

13,4 
12, L 
10,7 
9,4 
7,9 

6,5 
5,1 
3,6 
2,2 
0,7 



0.0000+ 

0.0662 

0.1322 

0.1979 

0.2630 

0.3274 
0.3908 
0.4533 
0.5144 
0.5742 

0.6324 
0.6889 
0.7434 
0.7960 
0.8463 

0.8943 
0.9399 
0.9829 
1.0232 
1.0607 

1.0953 
1.1269 
1.1,554 
1.1808 
1.2029 



36,8 
36,7 
36,5 
36,2 
35,8 

35,3 
34,7 
34,0 
33,2 
'32,3 

31,4 
30,3 
29,2 
28,0 
26,7 

25,3 
23,9 
22,4 
20,8 
19,2 

17,6 
15,8 
14,1 
12,3 
'10,4 



1.2217 
1.2371 
1.2492 
1.2579 
1.2630 
-1.2648 + 



Rigel 



8,6 
6,7 
4,8 
2,9 
1,0 



/3 Tauri 



Argnnrnt 
(&+*') 

180 360 
133 357 
186 354 
189 351 
192 348 

195 345 
198 349 
201 339 
204 336 
207 333 

210 380 
213 3*7 
216 334 
219 W 
222 318 

225 315 
228 312 
231 309 
234 306 
237 303 

240 300 
243 297 
246 294 
249 ^1 
252 

255 285 
258 282 
261 279 
264276 
267 273 
270 270 

(fig 
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of the forty-four principal Fixed Stars. 
TABLE III. Lunar Nutation in Right Ascension, in time. 
M'.sin (B + N') 



Argument 


1 1 a Ononis 


12 Sirius 


13 Castor 


(ft + N') 


M.'-- 1.0836 


Diff. 


M'= -0.8968 


Diff. 


M'=- 1.2960 


Diff. 


N'«0 B 15' 


for Iff 


N'«=l°51' 


for Iff 


N'-S54° 1' 


for 10' 


O 0 

0 180 


-6.0000+ 


31,5 


-6.0000+ 


26,1 


—6.0000+ 


37,7 


3 177 


0.0567 


31,4 


0.0469 


26,0 


0.0678 


37,6 


6 174 


0.1133 


31,3 


0.0937 


25,9 


0.1355 


37,3 


9 171 


0.1695 


31,0 


0.1403 


25,7 


Q.2027 


37,1 


12 168 


0.2253 


30,6 


6.1865 


25,3 


0.2695 


36,6 


15 165 


0.2805 


30,2 


0.2321 


25,0 


0.3354 


36,2 


18 162 


0.3349 


29,7 


0.2771 


24,6 


0.4005 


35,5 


21 159 


0.3883 


29,1 


0.3214 


24,1 


0.4644 


34,8 


24 156 


0.4407 


28,5 


0.3648 


23,5 


0.5271 


34,1 


27 153 


0.4920 


27,4 


0.4071 


22,9 


0.5884 


33,1 


30 150 


0.5418 


26,9 


0.4484 


22,2 


0.6480 


32,1 


33 147 


0.5902 


26,0 


0.4884 


21,5 


0.7058 


31,1 


36 144 


0.6369 


25,0 


0.5271 


20,7 


0.7618 


29,9 


39 141 


0.6819 


24,0 


0.5644 


19,8 


0.8150 


28,7 


42 138 


0.7251 


22,9 


0.6001 


18,9 


0.8672 


27,3 


45 135 


0.7662 


21,7 


0.6341 


17,9 


0.9164 


25,9 


48 132 


0.8053 


20,5 


0.6664 


16,9 


0.9631 


24,5 


51 129 


0.8421 


19,2 


0.6969 


15,9 


1.0072 


22,9 


54 126 


0.8767 


17,8 


0.7255 


14,8 


1.0485 


21,3 


57 123 


0.9088 


16,5 


0.7521 


13,6 


1.0869 


19,7 


60 120 


0.9384 


15,0 


0.7766 


12,4 


1.1224 


17,9 


63 117 


0.9655 


13,6 


0.7990 


11,1 


1.1547 


16,2 


66 114 


0.9899 


12,1 


0.8193 


9,9 


1.1839 


14,4 


69 111 


1.0116 


10,5 


0.8372 


8.7 


1.2099 


12,6 


72 108 


1.0306 


8,9 


0.8529 


7,4 


1.2326 


10,7 


75 105 


1.0467 ~ 


7,4 


0.8662 


6,1 


1.2518 


8,8 


78 102 


1.0599 


5,8 


0.8772 


47 


1.2677 


6,8 


81 99 


1.0703 


4,1 


0.8857 


3,4 


1.2800 


4,9 


84 96 


1.0777 


2,5 


0.8919 


2,1 


1.2889 


2,9 


87 93 


1.0821 


0,8 


0.8956 


0,7 


1.2942 


1,0 


90 90 


-1.0836 + 




-0.8968 + 




-1.2960 + 




(ft + N') 














Argument 


a Ononis 


Sirius 


Castor 



14 Procyon 


15 Pollux 


Argument 


M'« — 1.0673 


Diff. 


M'= — 1.2540 


Diff. 


(ft + N') 


N'=358° 41/ 


for Iff 


N'=354° 2' 


for 10' 


—6.0000+ 


31,0 


-6.0000 + 


36,4 


180 360 


0.0558 


31,0 


0.0656 


36,4 


183 357 


0.1116 


30,8 


0.1311 


36,2 


186 354 


0.1670 


30,5 


0.1962 


35r,8 


189 351 


0.2219 


30,2 


0.2607 


35,5 


192 348 


0.2762 


29,8 


0.3246 


34,9 


195 345 


0.3298 


29,3 


0.3875 


34,4 


198 342 


0.3825 


28,7 


0.4494 


33,7 


201 339 


0.4341 


28,1 


0.5100 


32,9 


204 336 


0.4846 


27,3 


0.5693 


32,1 


207 333 


0.5337 


26,4 


0.6270 


31,1 


210 330 


0.5813 


25,6 


0.6830 


30,1 


213 327 


0.6274 


24,6 


0.7371 


28,9 


216 324 


0.6717 


23,6 


0.7892 


27,7 


219 321 


0.7142 


22,5 


0.8391 


26,4 


222 318 


0.7547 


21,4 


0.8867 


25,1 


225 315 


0.7932 


20,1 


0.9319 


23,7 


228 312 


0.8294 


18,9 


0-9745 


22,2 


231 309 


0.8635 


17,6 


1.0145 


20,7 


234 306 


0.8951 


16,2 


1.0517 


19,1 


237 303 


0.9243 


14,8 


1.0860 


17,4 


240 300 


0.9510 


13,3 


1.1173 


15,7 


243 297 


0.9750 


11,9 


1.1456 


13,9 


246 294 


0.9964 


10,4 


1.1707 


12,2 


249 291 


1.0151 


8,8 


1.1926 


10,3 


252 288 


1.0309 


7,3 


1.2112 


8,6 


255 285 


1.0440 


5,7 


1.2266 


6,6 


258 282 


1.0542 


4,1 


1.2385 


4,8 


261 279 


1.0615 


2,4 


1.2471 


2,8 


264 276 


1.0658 


0,8 


1.2522 


1,0 


267 273 


— 1.0673 + 




-1.2540+ 




270 270 










(ft + N') 


Procyon 


Pollux 


Argument 
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TABLE III. Lunar Nutation in Right Ascension, in time. 



M'. sin ( a + NO 



Argument 
(ft + N') 



21 y Ursae Major. 22 Spica Virginis 



M'=- 1.3596 Diff. 
N'-3S1°46' forlC 



0 180 
3 177 
6 174 
9 171 
12 168 

15 165 
18 162 
21 159 
24 156 
27 153 

30 150 
33 147 
36 144 
39 141 
42 138 

45 135 
48 132 
51 129 
54 126 
57 123 

60 120 
63 117 
66 114 
69 111 
72 108 

75 105 
78 102 
81 99 
84 96 
87 93 
90 90 



(ft + N') 
Argument 



-0.0000+ 
0.0712 
0.1421 
0.2127 
0.2827 

0.3519 
0.4201 
0.4872 
0.5530 
0.6172 

0.6798 
0.7405 
0.7991 
0.8556 
0.9097 

0.9613 
1.0103 
1.0566 
1.0999 
1.1402 

1.1774 
1.2114 
1.2420 
1.2693 
1.2930 

1.3132 
1.3298 

. 1.3428 
1.3521 
1.3577 

-1.3596+ 



M- -1.0577 
N'«5° 34' 



39,6 
39,4 
39,2 
38,9 
38,4 

37,9 
37,3 
36,6 
35,7 
34,8 

33,7 
32,6 
31,4 
30,1 
28,7 

27,2 
25,7 
24,1 
22,4 
20,7 

18,9 
T7,0 
15,2 
13,2 
11,2 

9,2 
7,2 
5,2 



y Ursae Major. 



23 y Ursae Major. 



-0.0000+ 
0.0554 
0.1106 
0.1655 
0.2199 

0.2738 
0.3269 
0.3791 
0.4302 
0.4802 

0.5289 
0.5761 
0.6217 
0.6657 
0.7078 

0.7479 
0.7860 
0.8220 
0>8557 
0.8871 

0.9160 
0.9425 
0.9663 
0.9875 
1.0060 

1.0217 
1.0346 
1.0447 
1.0519 
1.0563 
-1.0577+ 



Diff. 
for 1C 



M'= -1.0294 Diff. 
N'«320°55' forltf 



30,8 
30,7 
30,5 
30,2 
29,9 

29,5 
29,0 
28,4 
27,8 
27,1 

26,2 
25,3 
24,4 
23,4 
22,3 

21,2 
20,0 
18,7 
17,4 
16,1 

14,7 
13,2 
11,8 
10,3 
8,7 

7,2 
5,6 
4,0 
2,4 
0,8 



Spica Virginis 



24 Arcturus 



-0.0000 + 
0.0539 
0.1076 
0.1610 
0.2140 

0.2664 
0.3181 
0.3689 
0.4187 
0.4673 

0.5147 
0.5606 
0.6051 
0.6478 
0.6888 

0.7279 
0.7650 
0.8000 
0.8328 
0.8633 

0.8913 
0.9172 
0.9404 
0.9610 
0.9790 

0.9943 
1.0069 
1.0167 
1.0237 
1.0280 
-1.0294 + 



M'=- 0.9583 
N'«348°50' 



29,9 
29,8 
29,7 
29,4 
29,1 

28,7 
28,2 
27,7 
27,0 
26,3 

25,5 
24,7 
24,3 
22,8 
21,8 

20,6 
19,4 
18,2 
16,9 
15,6 

14,4 
12,9 
11,4 
10,0 
8,5 

7,0 
5,4 
3,9 
1,8 
0,8 



y Ursae Major. 



25 



-0.000Q+ 
0.0502 
0.1002 
0.1499 
0.1992 

0.2480 
0.2961 
0.3434 
0.3898 
0.4351 

0.4791 
0.5219 
0.5633 
0.6031 
0.6412 

0.6776 
0.7121 
0.7447 
0.7753 
0.8037 

0.8299 
0.8538 
0.8754 
0.8946 
0.9114 

0.9256 
0.9373 
0.9465 
0.9530 
0.9570 
-0.9583+ 



Diff. 
for 10' 



27,9 
27,8 
27,6 
27,4 
27,1 

26,7 
26,3 
25,8 
25,2 
24,4 

23,8 
23,0 
22,2 
21,2 
20,2 

19,2 
18,1 
17,0 
15,8 
14,6 

13,3 
12,0 
10,7 
9,3 
7,9 

6,5 

5,1 

3,6 

2,2' 

0,7 



Arcturus 



| a* Librae 



M'= -1.1125 Diff. 
N'«6°2T for 10* 



-0.0000+ 
0.0582 
0.1163 
0.1740 
0.2313 

0.2879 
0.3438 
0.3987 
0.4525 
0.5051 

0.5562 
0.6059 
0.6539 
0.7001 
0.7444 

0.7866 
0.8267 
0.8646 
0.9000 
0.9330 

0.9635 
0.9912 
1.0163 
1.0386 
1.0581 

1.0746 
1.0882 
1.0988 
1.1064 
1.1110 
-1.1125 + 



32,3 
32,3 
32,1 
31,8 
31,4 

31,1 
30,5 
29,9 
29,2 
28,4 

27,6 
26,7 
25,7 
24,6 
23,4 

22,3 
21,1 
19,7 
18,3 
16,9 

15,4 
13,9 
12,4 
10,8 
' M 
7,6 
5,9 
4,2 
2,6 
0,8 



a* Librae 



Argument 
(ft 



180 360 
183 357 
186 354 
189 351 
192 348 

195 345 
198 342 
201 339 
204 336 
207 333 

210 330 
213 327 
216 324 
219 321 
222 318 

225 315 
228 312 
231 309 
234 306 
237 303 

240 300 
243 297 
246 294 
249 291 
252 288 

255 285 
258 282 
261 279 
264 276 
267 273 
270 270 



(ft + -V) 
Argument 



Digitized by 



472 



Tables for computing the apparent Places 



TABLE III. Lunar Nutation in Right Ascension, in time. 



M'.sin(a + N') 



I Argument 

(& +N') 



27 j3 Ursae Minor. 



28 a Cor. Bor. 



Vl '* + 1.6289. Diff. 
S'«8fi°45' for 10' 



29 a Serpentis 30 Antares 



r -0.8668 
= 347° IS' 



Uiff. 
for 10' 



0 180 
3 177 
6 174 
9 171 
12 168 

15 165 
18 162 

j 21 159 
24 156 

| 27 153 

30 150 
33 147 
36 144 
39 141 
I 42 138 



+6.0000— 

0.0850 
0,1697 
0.2540 
0.3376 

0.4203 
0.5018 
0.5820 
0.6605 
0.7372 

0.8120 
0.8844 
0-9545 
1.0220 
1.0866 



45 135 
I 48 132 
51 129 
54 126 
57 123 

60 120 
63 117 
66 114 
| 69 111 
72 108 

i 75 105 
78 102 
81 99 
84 96 

I 87 93 
90 90 



(& + N') 
I Argument 



1.1483 
1.2068 
1.2620 
1.3138 
1.3619 

1.4063 
1.4469 
1.4835 
1.5160 
1.6444 

1.5686 
1.5884 
1.6039 
1.6150 
1.6217 
+ 1.6239- 



47,2 
47,1 
46,8 
46,4 
45,9 

45,3 
44,6 
43,6 
42,6 
41,6 

40,2 
38,9 
37,5 
35,9 
34,3 

32,5 
30,7 
28,8 
26,7 
24,7 

22,6 
20,3 
18,1 
15,8 
13,4 

11,0 
8,6 
6,2 
3,7 
1,3 



•0.0000+ 
0.0454 
0.0906 
0.1356 
0.1802 

0.2244 
0.2679 
0.3106 
0.3526 
0.3935 

0.4334 
0.4721 
0.5095 
0.5455 
0.5800 

0.6129 
0.6442 
0.6736 
0.7013 
0.7270 

0.7507 
0.7723 
0.7919 
0.8092 
0.8244 

0.8373 
0.8479 
0.8562 
0.8621 
0.8656 
-0.8668+ 



M'=-0.983S 
y=S51°30' 



31 a Herculis 



25,2 
25,1 
25,0* 
24,8 
24,6 

24,2 
23,7 
23,3 
22,7 
22,2 

21,5 
20,8 
20,0 
19,2 
18,3 

17,4 
16,3 
15,4 
14,3 
13,2 



/3 Ursae Minor. 



12,0 
10,9 
9,6 
8,4 
7,2 

5,9 
4,6 
3,3 

1,9 
0,7 



-6.0000+ 

0.0515^ 

0.1028 
0.1538 
0.2044 

0.2545 
0.3039 
0.3524 
0.3999 
0.4464 

0.4916 
0.5355 
0.5780 
0.6188 
0.6579 

0.6953 
0.7307 
0.7642 
0.7955 
0.8247 

0.8515 
0.8761 
0.8983 
0.9180 
0.9352 



Uiff. 
for 10' 



M' = - 1.2296 
N'=5°49 



a Cor. Bor. 



0.9498 
0.9618 
0.9712 
0.9779 
0.9819 
-0.9833 + 



28,6 
28,5 
28,3 
28,1 
27,8 

27,4 
26,9 
26,4 
25,8 
25,1 

24,4 
23,6 
22,6 
21,7 
20,8 

19,7 
18,6 
17,4 
16,2 
14,9 

13,7 
12,3 
10,9 
9,6 
8,1 

6,7 
5,2 
3,7 
2,2 
0,8 



Uiff. 
far 10" 



M' = -0.9142 
N'=351 0 45' 



-6.00004- 
0.0644 
0.1285 
0.1924 
0.2557 

0.3183 
0.3800 
0.4407 
0.5001 
0.5582 

0.6148 
0.6697 
0.7228 
0.7738 
0.8228 

0.8695 
0.9138 
0.9556 
0.9948 
1.0312 

1.0649 
1.0956 
1.1233 
1.1479 
1.1694 



35,8 
35,6 ' 
35,5 
35,2 
34,8 

34,3 
33,7 
33,0 
32,3 
31,4 

30,5 
29,5 
28,3 
27,2 
25,9 

24,6 
23,2 
21,8 
20,2 
18,7 

17,1 
15,4 
13,7 
11,9 
10,2 



Diff. 
for 10* 



Argument 

(8+ HO 



1.1877 
1.2027 
1.2145 
1.2229 
1.2279 
-1.2296 + 



■0.0000+ 
0.0478 
0.0956 
0.1430 
0.1901 

0.2366 
0.2825 
0.3276 
0.3718 
0.4150 

0.4571 
0.4979 
0.5374 
0.5753 
0.6117 

0.6464 
0.6794 
0.7105 
0.7396 
0.7667 

0.7917 
0.8146 
0.8352 
0.8535 
0.8695 



a Serpentis 



8,3 
6,6 
4,7 
2,8 
0,9 



Antarei 



0.8831 
0.8942 
0.9030 
0.9092 
0.9130 
-0.9142+ 



26,6 
26,6 
26,3 
26,2 
25,8 

25,5 
25,1 
24,6 
24,0 
23,4 

22,7 
21,9 

21,1 
20,2 
19,3 

18,3 
17,3 
16,3 
15,1 
13,9 

12,7 

1M 
10,2 
8,9 
7,6 

6,* 
4,<> 
3,4 

2,1 
0,7 



j Herculis 



180 360 
183 357 
186 354 
189 351 
192 348 

195 345 
198 349 
201 33S 
204 336 
207 333 

210 380 
213 337 
216 324 
219 321 
222 318 

225 315 
228 312 
231 309 
234 306 
237 303 

240 300 
243 297 
246 294 
249 291 
252 288 

255 285 
258 

261279 
964 276 
267 # 3 
270 «0 

iK 
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AT. sin (> + N') 



Argument 


32 & Ophiuchi 


33 y Dracpni9 


34 a Lyr$ 


35 y Aquilae 


36 a Aquilae 


Argument 

(& + N') 


M'= -0.927a 
N'~858» 48' 


DiflT. 
for 10' 


M'm -0.4671 
N'=357° 3* 


Diff. 
for 10' 


M'- -0.6768 


Diff. 
for 10' 


M'= -0.9545 
N'-2° 41' 


Diff. 
for lO 7 


M'« -0.9677 
N'=2° 16' 


Diff. 
for 10' 


o o 
0 180 

3 177 

6 174 

9 171 

42 168 

15 165 
18 162 
21 159 
24 156 
27 1.53 

30 150 
33 147 
36 144 
39 141 
42 138 

45 135 
48 132 
51 129 
54 126 
57 123 

60 120 
63 117 
66 114 
69 ill 
72 108 

75 105 
78 102 
81 99 
84 96 
87 93 
90 90 


-6.0000+ 

0.0485 
0.0969 
0.1451 
0.1928 

0.2400 
0.2865 
0.3323 
0.3771 
.0.4210 

0.4636 
0.5050 
0.5450 
0.5835 
0.6204 

0.6556 
0.6891 
0.7206 
0.7502 
0.7776 

0.8030 
0.8262 
0.8471 
0.8656 
0.8819 

0.8956 - 
0.9070 
0.9158 
0.9221 
0.9260 
-0.9272 + 


26,9 
26,9 
26,8 
26,5 
26,3 

25,8 
25,4 
24,9 
24,4 
23,7 

23,0 
22,2 
21,4 
20,5 
19,6 

18,6 
17,5 
16,4 
15,2 
14,1 

12,9 
11,6 
10,3 
9,1 
7,6 

6,3 
4,9 
3,5 
2,2 
0,7 


-6.0000+ 
0.0244 
0.0488 
0.0731 
0.0971 

0.1209 
0.1443 
0.1674 
0.1900 
0.2120 

0.2335 
0.2544 
0.2745 
0.2939 
0.3125 

0.3302 
0.3471 
0.3630 
0.3779 
0.3917 

0.4045 
0.4161 
0.4267 
0.4360 
0,4442 

0.4511 
0.4568 
0.4613 
0.4645 
0.4664 
-0.4671 + 


13,6 
13,6 
13,5 
13,3 
13,2 

13,0 
12,8 
12,6 
12,2 
11,9 

11,6 
11,2 
10,8 
10,3 
9,8 

M 
8,8 
8,3 
7,7 
7,1 

6,4 
5,9 
5,2 
4,6 
3j8 

3,2 
2,5 
1,8 

1,1 
0,4 


-6.0000+ 

0.0354 
0.0707 
0.1059 
0.1407 

0.1752 
0.2091 
0.2425 
0.2753 
0.3073 

0.3384 
0.3686 
0.3978 
0.4259 
0.4529 

0.4786 
0.5030 
0.5260 
0.5475 
0.5676 

0.5861 
0.6030 
0.6183 
0.6318 
0.6437 

0.6537 
0.6620 
0.6685 
0.6731 
0.6759 
-0.6768 + 


19,7 
19,6 
19,6 
19,3 
19,2 

18,8 
18,6 
18,2 
17,8 
17,3 

16,8 
16,2 
15,6 
15,0 
14,3 

13,6 
12,8 
11,9 
11,2 
10,3 

9,4 
8,5 
7,5 
6,6 
5,6 

4,6 
3,6 
%fi 
1,6 
0,5 


-0.0000+ 
0.0500 
0.0998 
0.1493 
0.1984 

0.2470 
0.2950 
0.3421 
0.3882 
0.4333 

0.4772 
0.5199 
0.5610 
0.6007 
0.6387 

0.6749 
0.7093 
0.7418 
0.7722 
0.8005 

0.8266 
0.8505 
0.8720 
0.8911 
0.9078 

0.9220 
0.9336 
0.9427 
0.9492 
0.9532 
-0.9545-f 


27,8 
27,7 
27,5 
27,3 
27,0 

26,8 
26,2 
25,6 
25,1 
24,4 

23,7 
22,8 
22,1 
21,1 
20,1 

19,1 
18,1 
16,9 
15,7 
14,5 

13,3 
11,9 
10,6 
9,3 
7,9 

6,4 
5,1 
3,6 
2,2 
0,7 


—6.0000+ 
0.0506 
0.1011 
0.1514 
0.2012 

0.2504 
0.2990 
0.3468 
0.3936 
0.4393 

0.4838 
0.5270 
0.5688 
0.6090 
0.6475 

0.6842 
0.7191 
0.7520 
0.7829 
0.8115 

0.8380 
0.8622 
0.8840 
0.9034 
0.9203 

0.9347 
0.9465 
0.9557 
0.9623 
0.9663 
-0.9677 + 


28,1 
28,1 
27,9 
27,7 
27,3 

27,0 
26,6 
26,0 
25,4 
24,7 

24,0 
23,2 
22,3 
21,4 
20,4 

19,4 
18,3 
17,2 
15,9 
14,7 

13,4 
12,1 
10,8 
9,4 
8,0 

6,6 
5,1 
3,7 
2,2 
0,8 


180 360 
183 357 
186 354 
189 351 
192 348 

195 345 
198 342 
201 339 
204 336 
207 333 

210 330 
213 327 
216 324 
219 321 
222 318 

225 315 
228 312 
231 309 
234 306 
237 303 

240 300 
243 297 
246 294 
249 291 

A Bf% ADO 

252 288 

255 285 
258 282 
261 279 
264 276 
267 27.3 ; 
270 270 


(ft.+ N') 
Argument 


a. Ophiuchi 


y Draconis 


a Lyre 


y Aquilae 


a Aquilae 


(&+>oj 

Argument* 
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Tables for computing tlie apparent Places 
TABLE III. Lunar Nutation in Right Ascension, in time. 
W. sin ( £3 + NO 



Argument 


37 f3 Aquilae 


Xa + .M'), 


N'»l°39' 


Diff. 
for 10' 


o 0 

0 180 


—0.0000+ 


28,7 


3 177 


0*0516 


28,6 


6 174 


0.1030 


28,4 


9 171 


0.1541 


28,2 


12 168 




9.7 a 


15 165 


0.2549 


27,5 


18 162 


0.3044 


27,0 


21 159 


0.3530 


26,4 


24 156 


0.4006 


25,9 


27 153 






30 150 


0.4925 


24,4 


33 147 


0.5365 


23,6 


36 144 


0.5790 


22,7 


39 141 


0.6199 


21,8 


42 138 


u.ooyi 




45 135 


0.6965 


19,7 


48 132 


0.7320 


18,6 


51 129 


0.7655 


17,4 


54 126 


0.7969 


16,2 


57 123 


0.8261 


15,0 


60 120 


0.8531 


13*7 


63 117 


0.8777 


12,3 


66 114 


0.8999 


10,9 


69 111 


0.9196 


9,6 


72 108 


0.9368 


8,2 


75 105 


0.9515 


6,8 


78 102 


0.9635 


5,2 


81 99 


0.9729 


3,7 


84 96 


0.9796 


2,3 


87 93 


0.9837 


0,7 


90 90 


-0.9850+ 




(& + N') 
Argument 


/3 Aquilae 



| a* Capric 



38 
39 

M'= -1.1163 
N'=*S56° 12' 



-0.0000+ 
0.0584 
0.1167 
0.1746 
0.2321 

0.2889 
0.3450 
0.4001 
0.4541 
0.5068 

0.5582 
0.6080 
0.6562 
0.7026 
0.7470 

0.7894 
0.8296 
0.8676 
0.9032 
0.9363 

0.9668 
0.9947 
1.0199 
1.0422 
1.0617 

1.0783 
1.0920 
1.1026 
1.1102 
1.1148 
-1.1163+ 



Diff. 
for 10' 



32,4 
32,4 
32,2 
31,9 
31,6 

31,2 
30,6 
30,0 
29,3 
28,6 

27*7 
26,8 
25,8 
24,7 
23,6 

22,3 
21,1 
19,8 
18,4 
16,9 

15,5 
14,0 
12,4 
10,8 
9,2 

7,6 
5,9 
4,2 
2,6 
0,8 



a 1 Capricorn. 



40 a Cygni 



M' =-0.1782 Diff. 
N'~28° 32' for 10' 



-0.0000+ 
0.0407 
0.0813 
0.1217 
0.16J8 

0.2014 
0.2405 
0.2789 
0.3165 
0.3533 

0.3891 
0.4238 
0.4574 
0.4897 
0.5207 

0.5502 
0.5783 
0.6047 
0.6295 
0.6526 

0.6739 
0.6933 
0.7109 
0.7265 
0.7401 

0.7516 
0.7611 
0.7686 
0.7739 
0.7771 
-0:7782+ 



22,6 
22,6 
22,4 
22,3 
22,0 

21,7 
21,3 
20,9 
20,4 
19,9 

19,3 
18,7 
17,9 
17,2 
16,4 

15,6 
14,7 
13,8 
12,8 
11,8 

10,8 
9,8 
8,7 
7,6 
6,4 

5,3 
4,2 
2,9 
1,8 
0,6 



a Cygni 



41 a Cephei 



42 /3 Cephei 



M'= -0.9653 Diff. 
N'=-60°28' for 10' 



-0.0000+ 
0.0505 
0.1009 
0.1510 
0.2007 

0.2499 
0.2983 
0.3459 
0.3926 
0.4383 

0.4827 
0.5258 
0.5674 
0.6075 
0.6459 

0.6826 
0.7174 
0.7502 
0.7810 
0.8096 

0.8360 
0.8601 
0.8819 
0.9012 
0.9181 

0.9324 
0.9442 
0.9535 
0.9600 
0.9640 
-0.9653 + 



iVi' = - 1.3031 Diff. 
N'=77°53'- for 10' 



28,1 
28,0 
27,8 
27,6 
27,3 

26,9 
26,4 
25,9 
25,4 
24,7 

23j9 
23,1 
22,3 
21,3 
20,4 

19,3 
18,2 
17,1 
15,9 
14,7 

13,4 
12,1 
10,7 
9,4 
7,9 

6,6 
5,2 
3,6 
2,2 
0,7 



a Cephei 



-0.000Q+ 
0.0683 
0.1364 
0.2042 
0.2713 

0.3378 
0.4033 
0.4677 
0.5308 
0.5925 

0.6525 
0.7108 
0.7671 
0.8213 
0.8733 

0.9228 
0.9698 
1.0142 
1.0558 
1.0945 

1.1302 
1.1628 
1.1922 
1.2184 
1.2412 

1.2606 
1.2765 
1.2890 
1.2979 
1.3033 
-1.3051 + 



37,9 
37,8 
37,7 
37,3 
36 ; 9 

36,4 
35,8 
35,1 
34,3 
33,3 

32,4 
31,3 
30,1 
28,9 
27,5 

26,1 



23,1 



Aigmeit 

(ft + »') 



180 360 
183 357 
186 354 
180 551 
192 348 

195 345 
198 342 
201 339 
204 336 
207 333 

210 330 
213 327 
216 324 
219 321 
222 318 

225 315 



24,7 228 312 



231 309 



21.5 234 306 
19,8 237 303 

18,1 240 300 

16,3 243 297 

14.6 246 2M 

12.7 p 291 
10,8 



252 288 



8,8 p-285 
6,9 



4,9 
3,0 



P Cephei 



261 27» 
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of the forty-four principal Fixed Stars. 
TABLE III. Lunar Nutation in Right Ascension, in time. 
M'. sin ( a + N') 
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Argument 


(ft + N') 


o 




0 


180 


3 


177 


6 


174 


o 


1 71 


19 

1 At 


J.UO 


15 


165 


18 


162 


21 


159 


<9A 


100 




1 


30 


150 


33 


147 


36 


144 


9ti 
OV 


141 


Act 


1 9Q 

138 


45 


135 


48 


132 


51 


129 


54 


126 


57 


123 


60 


120 


63 


117 


66 


114 


69 


111 


72 


108 


75 


105 


78 


102 


81 


99 


84 


96 


87 


93 


90 


90 


(ft + N') 


Argument 



43 a Aquarii 


44 Fomalhaut 


45 a Pegasi 


46 a Andromedae 


Argument 


M' = - 1.0308 


Diff. 


M'=-1.1570 


Diff. 


M'= -1.0060 


Diff. 


M'«- 1.0748 


Diff. 


(ft + N') 


N' — <*AQ° 9fi' 


for 10* 


JN'=34S° 8' 


for 10' 


N'=&° 2S 7 


for W 


N'*17°20' 


for 10' 


—6.0000+ 


29,9 


-0.0000+ 


33,7 


—6.0000+ 


29,2 


-6.0000 + 


31,3 


180 360 


0.0539 


29,9 


0.0606 


33,5 


0.0526 


29,2 


0.0563 


31,1 


183 357 


0.1077 


29,8 


0.1209 


33,4 


0.1052 


29,0 


0.1123 


31,0 


186 354 


0.1613 


29,4 


0.1810 


33,1 


0.1574 


28,8 


0.1681 


30,8 


189 351 


0.2143 


29,2 


0.2406 


32,7 


0.2092 


28,4 


0.2235 


30,4 


192 348 


0.2668 


28,7 


0.2995 


32,2 


0.2604 


28,1 


0.2782 


29,9 


195 345 


0.3185 


28,3 


0.3575 


31,7 


0.3109 


27,6 


0.3321 


29,5 


198 342 


0.3694 


27,7 


0.4146 


31,1 


0.3605 


27,1 


0.3852 


28,9 


201 339 


0.4193 


27,1 


0.4706 


30,4 


0.4092 


26,4 


0.4372 


28,2 


204 336 


0.4680 


26,3 


0.5253 


29,6 


0.4567 


25,7 


0.4880 


27,4 


207 333 


0.5154 


25,6 


0.5785 


28,7 


0.5030 


24,9 


0.5374 


26,7 


210 330 


0.5614 


24,7 


0.6302 


27,7 


0.5479 


24,1 


0.5854 


25,8 


213 327 


0.6059 


23,8 


0.6801 


26,7 


0.5913 


23,2 


0.6318 


24,8 


216 324 


0.6487 


22,8 


0.7281 


25,6 


0.6331 


22,2 


0.6764 


23,8 


219 321 


0.6897 


21,8 


0.7742 


24,4 


0.6731 


21,2 


0.7192 


22,7 


222 318 


0.7289 


20,6 


0.8181 


23,2 


0.7113 


20,2 


0.7600 


21,5 


225 315 


0.7660 


19,5 


0.859a 


21,9 


0.7476 


19,0 


0.7987 


20,3 


228 312 


0.8011 


18,2 


0.8992 


20,5 


0.7818 


17,8 


0.8353 


19,1 


231 309 


0.8339 


17,0 


0.9361 


19,1 


0.8139 


16,6 


0.8696 


17,7 


234 306 


0.8645 


15,7 


0.9704 


17,6 


0.8437 


15,3 


0.9014 


16,3 


237 303 


0.8927 


14,3 


1.0020 


16,1 


0.8712 


13,9 


0.9308 


14,9 


240 300 


0.9184 


12,9 


1.0309 


14,5 


0.8963 


12,6 


0.9577 


13,4 


243 297 


0.9417 


11,4 


1.0570 


12,9 


0.9190 


11,2 


0.9819 


11,9 


246 294 


0.9623 


10,0 


1.0802 


11,2 


0.9392 


9,8 


1.0034 


10,4 


249 291 


0.9803 


8,6 


1.1004 


9,6 


0.9568 


8,3 


1.0222 


8,9 


252 288 


0.9957 


7,0 


1.1176 


7,8 


0.9717 


6,8 


1.0382 


7,4 


255 285 


1.0083 


5,4 


1.1317. 


6,2 


0.9840 


5,3 


1.0513 


5,7 


258 282 


1.0181 


3,9 


1.1428 


4,4 


0.9936 


3,8 


1.0616 


4,1 


261 279 


1.0251 


2,4 


1.1507 


2,6 


1.0005 


2,3 


1.0689 


2,3 


264 276 


1.0294 


0,8 


1.1554 


0,9 


1.0046 


0,8 


1,0733 . 


0,8 


267 273 


-1.0308 + 




-1.1570+ 




^1.0060+ 




-1.0748 + 




270 270 


















(ft +»') 


a Aquarii 


Fomalhaut 


a Pegasi 


a Andromedae 


Argument 



3o.2 
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Tables far computing the apparent Places 



TABLE IV. Solar Nutation in Right Ascension, in time. 
M". (20 + N") 



Names of thfc 
Stars. 



y Pegasi 
2 a Cassiop. 
~ Polaris 

a Arietis 
5aCeti 

a Persei 

Aldebaran 

Capella 

Rigel 

/3Tauri 



13 
14 
15 

16 

17 
18 
19 
20 

21 
22 
23 
24 
25 
26 

27 
28 
29 
30 
31 

32 



35 
36 

37 
38 
39 
40 
41 

42 
43 
44 
45 
46 



a. Ononis 
12 Sinus 
Castor 
Procyon 
Pollux 

a Hydrae 
Regulus 
a Ursae Maj6r. 
/3 Leonis 
Virginis 

y Ursae Major. 
Spica Virginis 
y Ursae Major. 
Arcturus 

| a* Librae 

/3 Ursae Minor, 
a Cor. Bor. 
a Serpentis 
An tares 
a Herculis 

Ophiuchi 
33|y Draconis 
34 a Lyrae 
y Aquilae 
a Aquilae 

fi Aquila 



} a* Capricor. 

a Cygni 
a Cephei 

|8 Cephei 
a Aquarii 
Fomalhaut 
a Pegasi 
a Andromedse 



Values 
ofN" 



6° 50' 
32 15 
76 9 
8 69 
19 

14 67 
2 48 
4 41 
359 1 

2 18 

0 12 

1 30 
355 9 
359 0 

355 9 

3 O 
354 56 
324 46 
352 37 
358 43 

327 24 

4 31 
326 S6 
350 54 

5 15 

86 0 
349 58 

357 58 
4 44 

358 11 

359 2 
357 36 

4 28 

2 11 
1 51 

1 20 

356 55 

S3 48 
55 5 

75 11 
359 32 
346 11 

6 49 
14 13 



Names of the 
Stars. 



N" 



Argument (2 0+ N") 



0° 
180 



To.oooo 

.0000 
.0000 
.0000 
.0000 

.0000 
.0000 
.0000 
.0000 
.0000 

.0000 
.0000 
.0000 
.0000 
.0000 

.0000 
.0000 
.0000 
.0000 
.0000 

.0000 
.0000 
.0000 
.0000 

+ .0000 

± .0000 
+ .0000 
.0000 
.0000 
' .0000 

♦0000 
.0000 
.0000 
.0000 
.0000 

.0000 

.0000 

.0000 
.0000 

.0000 
.0000 
.0000 
.0000 
+0.0000 



180o 
360 



10° 
170 



0.0143 
.0182 
.2466 
.0156 
.0144 

0202 
0158 
0204 
0133 
0175 

0150 
0124 
0179 
0148 
0173 

0136 
0149 
0216 
0145 
0142 

0175 
0146 
0132 
0132 

.0153 

0182 
0119 
0136 
0170 
0126 

0128 
.0064 
0094 
0132 
0134 

0136 

0154 

0103 
0115 

0148 
0143 
0158 
0139 
0146 



190° 
350 



20° 
160 



0.0282 
.0359 
.4856 
.0308 
.0284 

.0398 
.0312 
.0402 
.0262 
.0344 

.0295 
.0244 
.0352 
.0291 
.0341 

.0269 
.0294 
.0425 
.0285 
.0280 

.0345 
.0287 
.0261 
.0259 

.0302 

.0359 
.0234 
.0267 
.0334 
.0249 

.0252 
.0127 
.0184 
.0260 
.0264 

.0268 

.0304 

.0203 
.0226 

.0291 
.0281 
.0310 
.0273 
0.0288 



200° 
340 



30o 
150 



0.0412 
.0524 
.7101 
.0451 
.0416 

.0581 
.0456 
.0587 
.0383 
.0503 

.0431 
.0357 
.0515 
.0425 
.0498 

.0393 
.0430 
.0621 
.0416 
.0409 

.0504 
.0420 
.0381 
.0379 

.0442 

.0525 
.0342 
.0391 
.0489 
.0364 

.0369 
.0186 
.0269 
.0380 
.0385 

.0392 

.0444 

.0298 
.0331 

.0426 
.0410 
.0454 
.0399 
0.0421 



210° 
330 



40° 
140 



0.0530 
.0674 
.9129 
.0579 
.0535 

.0747 
.0587 
.0755 
.0492 
.0647 

.0555 
.0459 
.0662 
.0546 
.0640 

.0505 
.0553 
.0798 
.0535 
.0526 

.0649 
.0540 
.0490 
.0487 

0568 

.0675 
.0440 
.0503 
.0628 
.0468 

.0474 
.0239 
.0345 
.0488 
.0495 

.0504 

.0571 

.0382 
.0425 

.0548 
.0528 
.0583 
0513 
0.0542 



220° 
320 



50° 
130 



0.0632 
.0803 
1.0879 
0.0690 
.0637 

.0890 
.0699 
.0900 
.0587 
.0771 

.0661 
.0547 
.0789 
.0651 
.0763 

.0602 
.0659 
.0951 
.0638 
.0627 

.0773 
.0644 
.0582 
.0580 

.0677 

.0804 
.0524 
.0599 
.0748 
.0557 

.0565 
.0284 
.0412 
.0582 
.0590 

.0600 

.0680 

.0456 
.0507 

.0653 
.0628 
.0695 
.0611 
0.0645 



230° 
310 



60° 
120 



0.0714 
.0908 
1.2298 
0.0780 
.0720 

.1006 
.0790 
.1018 
.0663 
.0872 

.0747 
.0618 
.0892 
.0736 
.0863 

,0681 
.0745 
.1075 
.0721 
.0709 

.0874 
.0728 
.0660 
.0656 

.0765 

.0909 
.0593 
.0677 
.0846 
.0630 

.0639 
.0322 
.0466 
.0658 
.0667 

.0697 

.0769 

.0515 
.0573 

.0738 
.0711 
.0786 
.0691 
0.0729 



240° 
300 



70° 
110 



0.0775 
.0985 
1.3345 
0.0846 
•0782 

.10^2 
.0857 
.1104 
.0720 
.0946 

.0811 
.0671 
.0968 
.0798 
.0936 

.0739 
.0809 
.1167 
.0782 
.0769 

.0948 
.0790 
.0716 
.0712 

.0830 

.0987 
.0643 
.0735 
.0918 
.0684 

.0694 
.0349 
.0505 
.0714 
.0724 

.0737 

.0835 

.0559 
.0622 

.0801 
.0771 
.0853 
.0750 
0.0792 



250° 
290 



80° 
100 



0.0812 
.1032 
1.3985 
0.0887 
.0819 

.1145 
.0898 
.1157 
.0754 
.0991 

.0850 
.0703 
.1014 
.0837 
.0981 

.0774 
.0848 
.1%3 
.0820 
.0806 

.0994 
.0828 
.0750 
.0746 

.0870 

.1034 
.0674 
.0770 
.0962 
.0716 

.0727 
.0366. 
.0530 
.0748 
.0758 

.0072 

.0874 

.0686 
.0652 

.0840 
.0808 
.0894 
.0786 
0.0830 

"260° 
280 
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TABLE V. Lunar Inequality in. Right Ascension, in time. 
M w . (2 < +N~) 



Names of the 
Stars. 


Values 

ofN*" 


Argument (2 d + N"') 


- 0° 
180 


10° 
170 


20° 
160 


30° 
150 


40° 
140 


60°. 
130 


60° 
120 


70° 
110 


80° 
100 


90° - 
90 


1 
2 
3 
4 
5 

6 
7 
8 
0 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 


y Pegasi 
* Cassiop. 
Polaris 
<x Arietis 
aCeti 

a Persei 

Aldebaran 

Capella 

jSTauri 

a Ononis 

Sinus 

Castor 

Procyon 

Pollux 

% Hydrae 
Regulus 
a Ursae Major. 
|3 Leonis 
j3 Virginis 

y Ursae Major. 
Spica Virginis 
y\ Ursae Major. 
Arcturas 

}a« Librae 

<3 Ursae Minor, 
a Cor. Bor. 
a Serpentis 
Antares 
a Hercolis 

a Ophiuchi 
Y Draconis 
a Lyne 
y Aquilae 
a Aquilae 
j3 Aquilae 

J a" Capricor. 

aCygni 
a Cephei 
j3 Cephei 

a Aquarii 
Fomartiaut 
a Pegasi 
a. Andromeda? 


6° 50* 
32 15 
73 4 
8 59 
1 9 

14 57 

1 48 
4 41 

359 1 

2 18 

0 12 

1 30 
355 9 
359 0 

355 9 

3 0 
354 56 
324 46 
352 37 
358 43 

327 24 

4 31 
326 36 
350 54 

5 15 

86 0 
349 38 

357 58 
4 44 

358 11 

359 2 
357 36 

4 28 

2 11 
1 51 
1 20 

356 55 

23 48 
55 5 
75 11 

359 32 
346 11 

6 49 
14 13 


+0.0000 
.0000 
.0000 
.0000 
.0000 

.0000 
.0000 
.0000 
.0000 
.0000 

.0000 
.0000 
.0000 
.0000 
.0000 

.0000 
.0000 
.0000 
.0000 
.0000 

.0000 
.0000 
.0000 
.0000 

+ .0000 

± .0000 
+ .0000 
.0000 
.0000 
.0000 

.0000 
.0000 
.0000 
.0000 
.0000 
.0000 

.0000 

.0000 
.0000 
.0000 

.0000 
.0000 
.0000 
+0.0000 


0.0022 
.0027 
.0367 
.0023 
.0022 

.0030 
.0024 
.0031 
.0020 
.0026 

.0023 
.0019 
.0027 
.0022 
.0026 

.0021 
.0022 
.0032 
.0022 
.0022 

.0026 
.0022 
.0020 
.0020 

.0023 

.0027 
.0017 
.0020 
.0025 
.0019 

.0019 
.0010 
.0014 
.0020 
.0020 
.0021 

.0024 

.0016 
.0017 
.0023 

.0022 
.0025 
.0021 
0.0023 


0.0042 
.0054 
.0723 
.0046 
.0042 

.0060 
.0047 
.0060 
.0039 
.0052 

.0044 
.0037 
.0053 
.0044 
.0051 

.0041 
.0044 
.0064 
.0042 
.0042 

.0052 
;0042 
.0039 
.0039 

.0045 

.0054 
.0035 
.0040 
.0050 
.0037 

.0037 
.0019 
.0028 
' .0038 
.0039 
.0039 

.0044 

.0031 
.0034 
.0042 

.0042 
.0045 
.0040 
0.0042 


0.0062 
.0079 
.1055 
.0068 
.0062 

.0088 
.0069 
.0089 
.0058 
.0076 

.0065 
.0054 
.0078 
.0064 
.0075 

.0059 
.0065 
.0094 
.0063 
.0062 

.0076 
.0064 
.0057 
.0057 

.0067 

.0079 
.0051 
.0059 
.0074 
.0054 

.0056 
.0028 
.0040 
.0057 
.0058 
.0059 

.0067 

.0045 
.0050 
.0064 

.0062 
.0069 
.0060 
0.0064 


0.0080 
.0101 
.1356 
.0087 
.0081 

.0112 
.0088 
.0113 
.0074 
.0097 

.0083 
.0069 
.0100 
.0082 
.0096 

.0076 
.0083 
.0120 
.0080 
.0079 

.0098 
.0080 
.0074 
.0073 

.0086 

.0102 
.0066 
.0076 
.0094 
.0070 

.0071 
.0036 
.0052 
.0073 
.0075 
.0075 

.0085 

.0058 
.0064 
.0081 

.0080 
.0086 
.0076 
0.0080 


0.0095 
.0121 
.1619 
.0104 
.0096 

.0134 
.0105 
.0136 
.0089 
.0116 

.0100 
.0082 
.0119 
.0098 
.0115 

.0091 
.0099 
.0143 
.0097 
.0095 

.0116 
.0099 
.0088 
.0087 

.0102 

.0121 
.0079 
.0090 
.0114 
.0085 

.0086 
.0043 
.0062 
.0088 
.0089 

CV\C\ct 

.uuyz 

.0104 

.0069 
.0077 
.0099 

.0095 
.0107 
.0093 
0.0099 


0.0107 
.0137 
.1830 
.0117 
.0108 

.0152 
.0119 
.0154 
.0100 
.0131 

.0113 
.0093 
.0134 
.0111 
.0130 

.0103 
.0112 
.0162 
.0108 
.0107 

.0132 
.0111 
.0099 
.0099 

.0115 

.0137 
.0090 
.0102 
.0128 
.0096 

.0097 

.0070 
.0099 
.0100 
.0103 

.0118 

.0078 
.0087 
.0112 

.0107 
.0120 
.0105 
0.0111 


0.0117 
.0148 
.1983 
.0128 
.0118 

.0165 
.0129 
.0166 
.0108 
.0142 

.0122 
.0101 
.0146 
.0120 
.0141 

.0111 
.0122 
.0176 
.0118 
.0116 

.0143 
.0118 
.0108 
.0107 

.0125 

.0149 
.0097 
.0111 
.0138 
.0103 

.0104 
.0053 
.0076 
.0107 
.0109 
.0110 

.0125 

.0084 
.0094 
.0119 

.0117 
.0127 
.0112 
0.0118 


0.0122 
.0156 
.2078 
.0134 
.0123 

.0172 
.0135 
.0174 
.0114 
.0149 

.0128 
.0106 
.0153 
.0126 
.0148 

.0117 
.0128 
.0184 
.0123 
.0121 

.0150 
.0125 
.0113 
.0112 

.0131 

.0156 
.0101 
.0116 
.0144 
.0108 

.0109 
.0055 
.0080 
.0112 
.0114 
.0116 

.0132 

.0088 
.0198 
.0126 

.0122 
.0135 
.0118 
0.0125 


0.0124 
.0158 
.2110 
.0136 
,0125 

.0175 
.0138 
.0177 
.0115 
.0152 

.0130 
.0107 
.0155 
.0128 
.0151 

.0118 
.0130 
.0187 
.0125 
.0123 

.0152 
.0127 
.0115 
.0114 

.0133 

.0158 
.0103 
.0118 
.0147 
.0119 

.0111 
.0056 
.0081 
.0114 
.0116 
.0118 

.Ot34 

.0090 
.0100 
.0128 

.0124 
.0137 
.0120 
0.0127 


j 


41 

42 

43 
44 
45 
46 


Names of the 
Stars. 


N'" 


180° 
360 


190° 
350 


200° 
340 


210° 
330 


220°. 
320 


230° 
310 


240° 
300 


250° 
290 


260° 
280 


270° 
270 
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478 Tables for computing the apparent Places 

TABLE VI. Aberration in Declination. 



m. sin (0 + n) 



Argument 


1 y Pegasi 


2 a Cassiop. 


3 Polari9 


4 a Arietis 


5 a Ceti 


ArgneM 


(O + n) 


m — — y.3iw* 


LMU. 


71 = — 16.9512 


Diff. 




Diff*. 


m— —7.9453 


Diff. 


m= —1.4304 


Diff. 


(© + ■) 




11-57° 11' 


for 10' 


n=8° 34' 


for 10' 


n =346° 56' 


for 10' 


n=S0°2' 


forlO 7 


n=83° 8' 


for 10' 




o o 
0 180 


-0.0000+ 


270,6 


-6.0000+ 


492,9 


-6.0000 + 


591,2 


-6.0000+ 


231.0 


-6.0000+ 


216,1 


180 360 


3 177 


0.4870 


269,8 


0.8872 


491,5 


1.0641 


589,6 


0.4158 


230,4 


0.3889 


215,4 


183 357 


6 174 


0.9726 


267,8 


1.7719 


488,8 


2.1253 


586,3 


0.8305 


229,1 


0.7767 


214,3 


186 '354 


9 171 


1.4555 


266,1 


2.6517 


484,8 


3.1806 


581,5 


1.2429 


227,2 


1.1624 


212,5 


189 351 


12 168 


1.9345 


263,2 


3.5244 


479,4 


4.2273 


575,1 


1.6519 


224,7 


1.5449 


210,1 


192 348 


15 165 


2.4082 


259,3 


4.3873 


472,7 


5.2624 


566,9 


2.0564 


221,6 


1.9231 


207,2 


195 345 


18 162 


2.8752 


255,1 


5.2382 


464,8 


6.2829 


557,5 


2.4552 


217,8 


2.2961 


203,? 


198 342 


21 159 


3.3344 


250,0 


6.0748 


455,4 


7.2864 


546,3 


2.8473 


213,5 


2.6628 


199,7 


201 339 


24 156 


3.7844 


244,3 


6.8946 


445,1 


8.2^97 


533,8 


3.2316 


208,6 


3.0222 


195,1 


204 336 


27 153 


4.2242 


237,8 


7.6957 


433,3 


9.2306 


519,7 


3.6071 


203,1 


3.3733 


189,9 


207 333 


30 150 


4.6522 


230,8 


8.4756 


420,4 


10.1660 


504,2 


3.9726 


197,1 


3.7152 


184,3 


210 330 


33 147 


5.0676 


223,0 


9.2323 


406,3 


11.0736 


487,4 


4.3273 


190,4 


4.0469 


178,1 


213 327 


36 144 


5.4690 


214,7 


9.9637 


391,1 


11.9509 


466,7 


4.6701 


183,3 


4.3675 


171,4 


216 324 


39 141 


5.8554 


205,8 


10.6677 


374,9 


12.7953 


449,7 


5.0001 


175,7 


4.6761 


164,3 


219 321 


42 138 


6.2259 


196,3 


11.3425 


357,6 


13.6047 


428,9 


5.3164 


167,6 


4.9719 


100,7 


222 318 


45 135 


6.5792 


186,3 


11.9862 


339,4 


14.3767 


407,1 


5.6181 


159,1 


5.2540 


148,8 


225 315 


48 132 


6.9145 


175,8 


12.5971 


320,2 


15.1095 


384,1 


5.9045 


150,1 


5.5218 


140,3 


228 31? 


51 129 


7.2309 


164,8 


13.1735 


300,2 


15.8008 


360,1 


6.1746 


140,7 


5.7744 


131,6 


231 309 


54 126 


7.5275 


153,2 


13.7139 


279,2 


16.4490 


334,9 


6.4279 


130,9 


6,0113 


122,4 


234 306 


57 123 


7.8033 


141,4 


14.2164 


257,6 


17.0518 


309,0 


6.6635 


120,7 


6.2316 


112,9 


237 303 


60 120 


8.0579 


129,1 


14.6801 


235,3 


17.6080 


282,2 


6.8808 


110,3 


6.4349 


103,1 


240 300 


63 117 


8.2903 


116,5 


15.1036 


212,3 


18.1159 


254,6 


7.0793 


99,5 


6.6205 


93,1 


243 297 


66 114 


8.5000 


103,6 


15.4857 


188,6 


18.5742 


226,3 


7.2584 


88,4 


6.7880 


82,7 


246 294 


69 111 


8.6864 


90,4 


15.8252 


164,7 


18.9815 


197,5 


7.4175 


77,2 


6.9368 


72,2 


249 291 


72 108 


8.8491 


76,8 


16.1217 


139,8 


J 9.3370 


167,8 


7.5565 


65,6 


7.0668 


61,3 


252 288 


75 105 


8.9873 


63,2 


16.3734 


115,1 


19.6390 


138,1 


7.6745 


53,9 


7.1771 


50,4 


255 285 


78 102 


9.1010 


49,4 


16.5806 


89,9 


19.8875 


107,9 


7.7716 


42,2 


7.2679 


39,4 


258 282 


81 99 


9.1899 


35,3 


16.7425 


64,3 


20.0817 


77,1 


7.8475 


30,1 


7.3389 


28,2 


261 279 


84 96 


9.2534 


21,2 


16.8582 


38,7 


20.2204 


46,4 


7.9017 


18,1 


7.3896 


16,9 


264 276 


87 93 


9.2916 


7,1 


16.9278 


13,0 


203039 


15,6 


7.9343 


6,1 


7.4201 


5,7 


267 273 


90 90 


— 9.3044 + 




-16.9512+ 




-20-3320+ 




-7.9453 + 




-7.4304 + 




270 270 


(0 + n) 






















(© + ■) 


Argument 


y Pegasi 


a Cassiop. 


Polaris 


a Arietis 


aCeti 




Argons 



Digitized by GooQle 



of the forty-four principal Fixed Stars. 
TABLE VI. Aberration in Declination. 
m. sin (0 +n) 



479 



Argument 



6 a Persei 



7 Aldebaran 



8 . Capella 



9 Rigel 



10 jSTanri 





m= -11 6405 
n=33S° 5' 


for 10' 


m= -3.7929 
n = 5S° 13' 


Diff. 
for 10' 


m= -8.2046 
n=295° 37' 


Diff. 
for 10' 


m= + 10.7694 
n=27S°42' 


Diff. 
for 10* 


m= —2.4814 
n =319° 21' 


Diff. 
for 10' 


(©+ n) 


9 O 

0 180 


—0.0000+ 


338,4 


—0.0000+ 


110,3 


—6.0000+ 


238,6 


+0.0000— 


313,1 


—6.0000 + 


72,2 


o „o 
180 360 


3 177 


0.6092 


337,5 


0.1985 


110,0 


0.4294 


237,9 


0.5636 


312,3 


0.1299 


71,9 


183 357 


6 174 


1.2167 


335,7 


0.3965 


109,3 


0.8576 


236,6 


1.1257 


310,6 


- 0.2594 


71,6 


186 354 


9 171 


1*8210 


332,9 


0.5933 


108,5 


1.2835 


234,6 


1.6847 


308,0 


0.3882 


70,9 


189 351 


12 168 


2.4202 


329,2 


0.7886 


107,3 


1.7058 


232,1 


2.2391 


304,6 


0.5159 


70,2 


I no 9 4 Q 


15" 165 


3.0128 


324,6 


0.9817 


105,8 


2.1235 


228,8 


2.7873 


300,3 


0.6422 


69,2 


195 345 


18 162 


• 3.5971 


319,2 


1.1721 


104,0 


2.5354 


224,9 


313279 


295,3 


0.7668 


68,0 


198 342 


2V 159 


4.1716 


312,8 


1.3593 


101,9 


2.9403 


220,4 


3.8594 


289,4 


0.8892 


66,7 


201' 339 


24 156 


4.7346 


305,6 


1.5427 


99,6 


3.3371 


215,4 


4.3803 


282,7 


1.0093 


65,1 


204 336 


27 153 


• 5.2847 


297,9 


1.7220 


96,9 


3.7249 


209,7 


4.8892 


275,3 


1.1265 


63,4 


OAT 999 


30* 150 


5.8202 


288,7 


1.8964 


94,1 


4.1023 


203,5 


5.3847 


267,1 


1.2407 


61,5 


210 330 


33 147 


6.3399 


279,0 


2.0658 


90,9 


4.4686 


196,7 


5.8654 


258,2 


1.3514 


59,5 


213 327 


36 144 


6.8421 


268,6 


; 2.2294 


87,5 


4.8226 


189,3 


6.3301 


248,5 


1.4585 


57,3 


216 324 


39 141 


7.3255 


257,5 


2.3869 


83,9 


5.1633 


181,5 


6.7774 


238,2 


1.5616 


54,9 


219 321 


42 138 


7.7890 


245,6 


2.5379 


80,0 


5.4900 


173,1 


7.2061 


227,2 


1.6604 


52,3 




45 135 


8.2310 


233,1 


2.6819 


75,9 


5.8015 


164,3 


7.6150 


215,6 


1.7546 


49,7 


225 315 


48 132 


8.6505 


219,9 


2.8186 


71,7 


6.0972 


155,0 


8.0031 


203,4 


1.8410 


46,9 


228 312 


51 129 


9.0463 


206,2 


2.9476 


67,2 


6.3762 


145,3 


8.3693 


190,7 


1.9284 


43,9 


231 309 


54 126 


9.4174 


191,7 


3.0685 


62,5 


6.6377 


135,2 


8.7126 


177,4 


2.0075 


40,8 


234 306 


57 123 


9.7625 


176,9 


3.1810 


57,6 


6.8810 


124,7 


9.0319 


163,7 


2.0810 


37,7 


237 303 


60 120 


10.0809 


162,1 


3.2847 


52,7 


7.1054 


113,9 


9.3265 


149,5 


2.1489 


34,4 


240 300 


63 117 


10.3717 


145,8 


3.3795 


47,5 


7.3104 


102,7 


9.5956 


134,8 


2.2109 


31il 


243 297 


66 114 


10.6341 


12£,6 


3.4650 


42,2 


7.4953 


91,3 


9.8383 


119,8 


2.2668 


27i6 


246 294 


69 111 


10.8673 


113,1 


3.5410 


36,8 


7.6597 


79,7 


10.0540 


,104,7 


2.3165 


24,1 


249 291 


72 108 


11.0708 


96,1 


3.6073 


31,3 


7.8031 


67,7 


10.2424 


88,8 


2.3599 


20,5 


252 288 


75 105 


1 1.2437 


79,1 


3.6636 


25,8 


7.9250 


55,7 


10.4023 


73,1 


2.3968 


16,8 


255 285 


78 102 


11.3860 


61,7 


3.7100 


20,1 


8.0253 


43,5 


10.5339 


57,2 


2.4271 


13,2 


258 282 


81 99 


11.4971 


44,2 


3.7462 


14^4 


8.1036 


31,1 


10.6368 


40,8 


2.4508 


9,4 


261 279 


84 96 


11.5766 


26,6 


3.7721 


8,6 


8.1596 


18,7 


10.7103 


24,6 


2.4677 


5,* 


264 276 


87 93 


11.6244 


8,9 


3.7876 


2,9 


8.1933 


6,3 


10.7545 


8,3 


2.4779 


. 1,9 


267 273 


90 90 


-11.6405 + 




-3.7929+ 




— 8.2046+ 




+10-7694- 




-2.4814+ 




270 270 


(0 + n) 
Argument 


a Persei 


Aldebaran 


Capella 




jSTauri 


(0 + n) 
Argument 



Argument 
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480 Tables far computing the apparent PVapes 

TABLE VI. Aberration in Declination* 



rh. sjn (<•>•+ ») 



Argument 


11 a Ononis 


12 Sirius 


13 Castor 


14 Procyon 


15 Pollux 


Argument 


(0 + «) 


ma— 5.6889 


Diff. 


m «■ —13.1259 


Diff. 


m— +4.6244 


Diff. 


m« +0.4580 


Diff. 


m = +4.0569 


Diff. 


(0 + ») 


n-88°23' 


for 10' 


n-85°51' 


forlO' 


n-82° 18' 


for 10' 


n«2T6* 54' 


forl(y 


»=14°32' 


for\& 




• o 

0 180 


—0.00004- 


1 AC A 

100/4 


g\ /\AAA « 

—0.0000+ 


381,7 


M 

+0.0000— 


1 * A A 

134,4 


-J-lMAJUU— 


1 Q.9 ft 
lo/,o 


■+ UAAAA/— 


117 Q 


180 360 


3 177 


0.2977 


i ha n 
104,9 


0.6870 


380,6 


0.2420 


1 9 A 1 

134,1 


A 49Cfl 


1ft7 9 
lor ,* 




117,7 


183 357 


6 174 


0.5946 


1 ft A 1 

104,1 


1.3720 


378,5 


0.4834 


1 44 9 

133,3 


U.07 DU 


1 ftfi 4 ■ 




116,9 


186 354 


9 171 


0.8899 


162,7 


2.0533 


375,4 


0.7234 


132,3 


1 A1A9 

1.U103 


1q4,/ 


I/.0940 


116,1 


189 351 


12 168 


1.1828 


160,9 


2.7290 


371,3 


0.9615 


130,8 


M427 


182,7 


0.8435 


114,7 


192 348 


15 165 


1 .4724 


1 KQ T 


3.3973 


366,0 


1.1969 


1 OQ ft 

12o,9 


1 (V71 Pi 


iftn i 1 


1.0500 


113,1 


195 345 


18 162 


1.7580 


1 &.K ft 

1 DOyV 


4.0561 


359,9 


1.4290 


1$6,8 


l.yyoo 


1/ /,1 


1 95*rt 


111 3 


198 342 


21 159 


2.0387 


1 KQ ft 

152,9 


4.7039 


352,7 


1.6573 


124,2 


Q 41 AA 

2.3144 


1 T9 K 

173,0 




109,0 


201 339 


24 156 


2.3139 


149,3 


5.3388 


344,6 


1.8809 


121,4 


2.6267 


169,6 


1.00U1 




204 330 


27 153 


2.5827 


145,4 


5.9591 


335,5 


2.0995 


118,2 


2.9319 


165,6 


1.8418 


103,7 


207 333 


30 160 


2.8445 


141,1 


6.5630 


325,5 


2.3122 


114,7 


3.2290 


160,2 


*»U2o4 


100,6 


210 330 


33 147 


3.0984 


130,4 


7.1489 


314,7 


2.5187 


110,8 


3.5173 


1 KA O 

154,8 




97,3 


213 327 


36 144 


3.3439 


131,2 


7.7153 


302,8 


2.7182 


106,7 


3.7959 


149,1 


2.3846 


93,6 


216 324 


39 141 


3.5801 


125,8 


8.2604 


290,3 


2.9102 

/ 


102,3 


4.0642 


142,8 


X.OOO J. 


89,7 


219 321 


42 138 


3.8066 


120,0 


ft 7R9Q 


276,9 




97,5 


4.3213 


136,2 


2.7146 


85,6 


222 318 


45 135 


4.0226 


113,9 


9.2813 


262,8 


3.2699 


92,6 


4.5665 


129,3 


2.8686 


.81,2 


225 315 


48 132 


4.2277 


107,4 


9.7544 


247,9 


3.4366 


87,3 


4.7992 


122 0 


3.0148 


76,7 


228 312 


51 129 


4.4211 


100,8 


10.2007 


232,9 


3.5938 


81,9 


5.0188 


114,4 


3.1528 


71,8 


231 309 


54 126 


4.6025 


93,7 


10.6192 


216,2 


3.7413 


76,4 


5.2247 


106,3 


3.2o21 


66,8 


234 306 


57 123 


4.7711 


86,4 


11.0083 


199,5 


3.8784 


70,3 


5.4161 


98,2 


4 AfyctA 


61,6 


237 303 


60 120 


4.9267 


79,0 


11.3674 


182,2 


4.0049 


64,2 


5.5928 


89,6 


9 CI 44 

3.5133 


56,3 


240 300 


63 117 


5.0689 


71,2 


11.6953 


164,3 


4.1204 


57,9 


5.7541 


80,9 


3.0147 


50,8 


243 297 

aAR QQi 

249 291 


66 114 
69 111 


5.1971 
5.3110 


63,3 
55,3 


11.9911 
12.2541 


146,1 
127,9 


4.2246 
4.3173 


51,5 
44,9 


5.8997 
6.0291 


71,9 
62,7 


3.7061 
3.7874 


45,2 
39,4 


72 108 


5.4105 


46,9 


12.4836 


108,3 


4.3981 


38,2 


6.1420 


53,3 


3.8583 


33,5 


252 288 


75 105 
78 102 
81 99 
84 96 


5.4950 
5.5645 
5.6189 
5.6577 


38,6 
30,2 
21,6 
13,0 


12.6786 
12.8390 
12.9643 
13.0539 


89,1 
69,6 
49,8 
29,9 


4.4668 
4.5233 
4.5675 
4.5991 


31,4 
24,6 
17,6 
10,6 


1 6.237V 
6.3168 
6.3785 
6.4226 


43,8 
34,3 
24,5 
14,7 


3.9186 
3.9682 
4.0069 
4.0346 


27,6 
21,5 
15,4 
9,3 


255 285 
258 282 
261 279 
264 276 
267 273 
270 270 


87 93 


5.6811 


4,3 


13.1078 


10,1 


4.6181 


3,5 


6.4491 


4,9 


4.0513 


3,1 


90 90 


-5.6889+ 




-13.1259+ 




+4.6244- 




+ 6.4580- 




+4.0569- 




(O + ») 
Argument 


ft Ononis 


Sirius 


Castor 


Procyc 


>n 


Pollaz 


(0 + «O 
Aryans 



Digitized by 



of the forty-four principal Fixed Stars. 
TABLE VI. Aberration in Declination, 
m, sin (O + n) 



481 



(0 + n) 



0 180 

a 177 

6 174 
0 171 
12 168 

15 165 
18 162 
21 159 
24 156 
27 153 

30 150 
33 147 
36 144 
39 141 
42 138 

45 135 
48 132 
51 129 
54 126 
57 123 

60 120 
63 117 
66 114 
69 111 
72 108 

75 105 

78 102 

81 99 

84 96 

87 93 

.90 90 



(0 + n) 
Argument 



16 a Hydrae 


17 Regulus 


18 a Ursae Major. 


19 jS LeoDis 


20 /3 Virgin is 


Aigumeiit 


m* -9.9926 


Diff. 


m~ +7.0578 


Diff. 


w«= + 17.4743 


Diff. 


m= +9.2270 


Diff. 


m= +8.1397 


Diff. 


(0 + n) 


n=>77° 31' 


for 10' 


n=30S°47' 


for Itf 


n=S°28' 


for 10' 


n-306° 20' 


for 10' 


n=276° 51' 


for 10' 


-6.0000+ 


290,6 


+ 6.0000— 


205,2 


+6.0000- 


508,1 


+6.0000- 


268,3 


+6.0000— 


236,7 


180 360 


0.5230 


289,7 


0.3694 


204,5 


0.9145 


506,7 


0.4829 


267,6 


0.4260 


236,0 


183 357 


1.0445 


288,2 


0.7377 


203,6 


1.8265 


503,9 


0.9645 


266,1 


0.8508 


234,7 


186 354 


1.5632 


285,8 


1.1041 


201,8 


2.7336 


499,7 


1.4434 


263,9 


1.2733 


232,8 


189 351 


2.0776 


282,6 


1.4674 


199,6 


3.6331 


494,2 


1.9184 


260,9 


1.6923 


230,2 


192 348 


2.5863 


278,7 


1.8267 


196,8 


4.5227 


487,3 


2.3881 


257,3 


2.1067 


227,0 


195 345 


'3.0879 


273,9 


2.1810 


193,5 


5.3998 


479,1 


2.8513 


253,0 


2.5153 


223,2 


198 342 


3.5810 


268,5 


2.5293 


189,6 


6.2622 


469,6 


3.3067 


247,9 


2.9170 


218,7 


201 339 


4.0643 


262,4 


2.8706 


185,3 


7.1074 


458,8 


3.7529 


242,3 


3.3107 


213,7 


204 336 


4-5366 


255,4 


3.2042 


180,4 


7.9332 


446,7 


4.1890 


235,8 


3.6954 


208,1 


207 333 


4.9963 


247,8 


3.5289 


175,1 


8.7372 


433,3 


4.6135 


228,8 


4.0699 


201,8 


210 330 


5,4424 


239,6 


3.8440 


169,2 


9.5172 


418,9 


5.0254 


221,2 


4.4332 


195,1 


213 327 


5,8736 


230,5 


4.1485 


162,8 


10.2712 


403,2 


5.4235 


212,9 


4.7844 


187,8 


216 324 


6.2885 


221,1 


4.4416 


156,1 


10.9969 


386,5 


5.8067 


204,1 


5.1225 


180,0 


219 321 


6.6864 


210,8 


4.7226 


148,9 


11.6926 


368,6 


6.1740 


194,7 


5.4465 


171,7 


222 318 


7.0658 


200,1 


4.9906 


141,3 


12.3561 


349,8 


6.5244 


184,7 


5.7556 


162,9 


225 315 


7.4259 


188,8 


5.2449 


133,3 


12.9858 


330,1 


6.8569 


174,3 


6.0489 


153,8 


228 312 


7.7657 


177,0 


5.4849 


125,0 


13.5800 


309,5 


7.1707 


163,4 


6.3257 


144,2 


231 309 


8.0843 


164,6 


5.7099 


116,3 


14.1371 


287,8 


7.4648 


152,0 


6.5852 


134,1 


234 306 


8.3805 


151,9 


5.9192 


107,2 


14.6551 


265,6 


7.7384 


140,2 


6.8265 


123,7 


237 303 


8.6539 


13ft 7 

■i uO, / 


St 1 199 
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OT O 




242,5 


7.9908 


128,1 


7.0492 


112,9 


240 300 


8.9035 


125,1 


6.2885 


88,4 


15.5697 


218,8 


8.2213 


115,6 


7.2525 


101,9 


243 297 


9.1287 


111,2 


6.4476 


78,6 


15.9636 


194,4 


8.4293 


102,7 


7.4360 


90,6 


9 Aft 9QA 


9.3289 


97,1 


6.5890 


68,6 


16.3136 


169,8 


8.6141 


89,7 


7.5991 


79,1 


249 291 


9.5036 


82,5 


6.7124 


58,3 


16.6192 


144,2 


8.7755 


76,1 


7.7414 


67,2 


252 288 


9.6521 


67,8 


6.8173 


47,9 


16.8787 


118,7 


8.9125 


62,7 


7.8623 


55,3 « 


155 285 


9.7742 


53,0 


6.9035 


37,4 


17.0923 


92,7 


9.0253 


48,9 


7.9618 


43,2 < 


t5S 282 


9.8696 


37,9 


6.9709 


26,8 


17.2592 


66,0 


9.1134 


35,0 


8.0395 


30,9 < 


261 279 


9.9378 


22,8 


7.0191 


16,1 


17.3780 


40,1 


9.1764 


21,1 


8.0951 


18,6 < 


264 276 


9.9788 


7,7 


7.0481 


5,4 


17.4502 


13,4 


9.2143 


7,1 


8.1285 


6,2 ' 


267 273 


-9.9926+ 




+7.0578- 




f 17.4743- 




+ 9.2270— 




+ 8.1397- 


c 


270 270 






















(0 + n) 
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Tables far computing the apparent Plates 



TABLE VI. Aberration in Declination. 



m. sin ( O + n ) 



Argument |21 y Urs« Major. 

CO + *0 




Digitized by 



of the. forty -fow principal Fixed Stars, 



m 



TABLE VJ. Aberation in Declination, 



m. sin (0 + n) 



Argument 

(0 + ») 



27 |3 UrsaB Minor. 



0 180 
3 177 
0 174 
9 171 
12 168 

15 165 
18 162 
21 159 
24 156 
27 153 

30 150 
33 147 
36 144 
39 141 
42 138 

45 135 
48 132 
51 129 
54 126 
57 123 

60 120 
63 117 
66 114 
69 111 
72 108 

75 105 
78 102 
81 99 
84 96 
87 93 
90 90 



(0 + ") 
Argument 



28 a Cor, Bor. 



m = +20.4951 Diff. 
n«315°5' for Iff 



+0.0000— 
1.0726 
2*1423 
3.2061 
4.2612 

5.3046 
6.3333 
7.3448 
8.3360 
9.3046 

10.2466 
11.1625 
12-0468 
12.8979 
13.7139 

14.4921 
15.2307 
15.9276 
16.5810 
17.1886 

17.7492 
18.2612 
18.7232 
19.1337 
19.4922 

19.7966 
20.0470 
20.2428 
20.3826 
20.4668 
+20.4951- 



m= + 15.1881 
n=292° 28' 



595,9 
594,3 
591,0 
586,2 
579,7 

571,5 
561,9 
550,7 
538,1 
523,3 

508,8 
491,3 
472,8 
453,3 
432,3 

410,3 
387,2 
363,0 
337,6 
311,4 

284,4 
256,7 
228,1 
199,2 
169,1 

139,1 
108,8 
77,7 
46,8 
15,7 



/3 Une Minor. 



29 a Serpentis 



+0.0000^- 
0.7949 
i.5876 
2.3760 
3.1579 

3.9312 
4.6935 
5.4431 
6.1777 
6.8956 

7.5943 
8.2724 
8.9277 
9.5585 
10.1632 

10.7399 
11.2873 
11,8037 
12.2880 
12.7383 

13.1538 
13.5332 
13.8756 
14.1798 
14.4454 

14.6710 
14.8566 
15.0017 
15.1053 
15.1677 
+ 15.1887- 



Diff. 
for Iff 



m= + 10.0529 
-278° 22' 



441,6 
440,4 
438,0 
434,4 
429,6 

423,5 
416,4 
408,1 
398,8 
388,2 

376,7 
364,1 
350,4 
335,9 
320,4 

304,1 
286,9 
269,1 
250,2 
230,8 

210,8 
190,2 
169,0 
147,6 
125,3 

103,1 
80,6 
57,6 
34,7 
",7 



a Cor. Bor. 



30 Antares 



+0.0000- 
0.5261 
1.0508 
1.5726 
2.0901 

2.6019 
3.1065 
3.6026 
4.0888 
4.5639 

5*0264 
5.4752 
5.9089 
6.3264 
6.7267 

7.1084 
7.4707 
7.8125 
8.1330 
8.4310 

8.7060 
8.9572 
9.1837 
9.3851 
9.5609 

9.7102 
9.8331 
9.9291 
9.9977 
10.0390 
+10.0529- 



uiir. 

for 10' 



292,3 
291,5 
289,9 
287,5 
284,3 

280,3 
275,6 
270,1 
263,9 
256,9 

249,3 
240,9 
231,9 
222,4 
212,1 

201,3 
189,9 
178,1 
165,6 
152,8 

139,6 
125,8 
111,9 
97,7 
82,9 

68,3 
53,3 
38,1 
22,9 
7,7 



31 a Herculis 



* = -3.8420 
n=S57°59' 



a Serpentis 



-0.0000+ 
0.2011 
0.4016 
0.6010 
0.7988 

0.9944 
1.1872 
1.3769 
1.5627 
1.7443 

1.9210 
2.0925 
2.2583 
2.4179 
2.5708 

2.7167 
2.8552 
2.9858 
3.1083 
3.2222 

3.3273 
3.4233 
3.5099 
3.5868 
3.6540 

3.7111 
3.7580 
3.7947 
3.8209 
3.8367 
-3.8420+ 



Diff. 
for 10' 



m= + 12.6652 Diff. 
*2?5°25' forlO 7 



111,7 
111,4 
110,8 
109,9 
108,7 

107,1 
105,4 
103,2 
100,9 
98,2 

95,3 
92,1 
88,7 
84,9 
81,1 

76,9 
72,6 
68,1 
63,3 
58,4 

53,3 
48,1 
42,7 
37,3 
31,7 

26,1 
20,4 
14,6 
8,8 
2,9 



Antares 



+0.0000— 
0.6576 
1.3134 
1.9656 
2.6125 

3,2521 
3.8828 
4.5030 
5,1107 
5.7045 

6.2826 
6.8435 
7.3857 
7.9075 
8.4078 

8.8848 
9.3377 
9.7649 
10.1655 
10.5380 

10.8818 
11.1957 
11.4789 
11.7306 
11.9503 

12.1370 
12.2905 
12.4105 
12.4963 
12.5479 
+12.5652- 



365,3 
364,3 
362,3 
359,4 
355,3 

350,4 
344,6 
337,6 
329,9 
321,2 

311,6 
301,2 
289,9 
277,9 
265,0 

251,6 
237,3 
222,6 
206,9 
191,0 

174,4 
157,3 
139,8 
122,1 
103,7 

85,3 
66,7 
47,7 
28,7 
9,6 



a Herculis 



Argument 
(0 + n) 



180 360 
183 357 
186 354 
189 351 
192 348 

195 345 
198 342 
201 339 
204 336 
207 333 

210 330 
213 327 
216 324 
219 321 
222 318 

225 315 
228 312 
231 309 
234 306 
237 303 

240 300 
243 297 
246 &94 
249 291 
252 288 

255 285 
258 282 
261 279 
264 276 
267 273 
270 270 



(0 + «) 
Argument 



Digitized by 



Tables for computing the apparent Places 



TABLE VI. Aberration in Declination. 



m. sin ( 0 + n ) 



I Argument 

[(© + ») 



32 a Ophiuchi 



ro=+ 12.0679 Diff. 



n-273°4' for 10' n-271°29' 



0 180 
3 177 
6 174 
9 171 
12 168 

15 165 
18 162 
21 159 
| 24 156 
i 27 153 

30 150 
33 147 
36 144 
i 39 141 
42 138 

45 135 
48 132 
51 129 
54 126 
57 123 



+ 0.0000— 
0-6316 
1.2614 
1.8878 
2.5091 

3.1234 
3.7292 
4.3247 
4.9084 
5.4787 

6.0339 
6.5726 
7.0933 
7.5945 
8.0750 

8.5332 
8,9681 
9.3784 
9.7632 
10.1209 



60 120 
63 117 
66 114 
69 111 
72 108 

| 75 105 
78 102 
81 99 

| 84 96 
87 93 
90 -90 



33 y Draconis 34 ct Lyras 



35 y Aquilae 36 a Aquilse 



7,1= + 19.7984 



350,9 
349,9 
348,0 
345,2 
341,3 

336,6 
330,8 
324,3 
316,8 
308,4 

299,3 
289,3 
278,4 
266,9 
254,6 

241,6 
227,9 
213,8 
198,7 



10.4511 
10.7525 
11.0245 
11.2663 
11.4773 

11.6565 
11.8040 
11.9193 
12.0013 
12.0512 
+12.0679 



(0 + n) 
I Argument 



+0.0000— 

I. 0362 
2.0695 
3.0971 
4.1163 

5.1242 
6.1180 
7.Q951 
8.0527 
8.9884 

9.8992 
10.7830 

II. 6372 
12.4595 
13.2477 

13.9994 
14.7130 
15.3862 
16.0173 
16.6043 



167,4 
151,1 
134,3 
117,2 
99,6 

81,9 
64,1 
45,6 
27,6 
9,3 



Diff. L=- 18.0912 Diff. 
for 10* I tt =84°30' for 10' 



17.1459 
17.6405 
18.0867 
18.4833 
18.8296 



19.1236 
19.3656 
19.5547 
19.6897 
19.7711 
+19.7984— 



a Ophiuchi 



575,7 
574,1 
570,9 
566,2 
559,9 

552,1 
542,8 
532,0 
519,8 
506,0 

491,0 
474,6 
456,8 
437,9 
417,6 

396,4 
374,0 
350,6 
326,1 
300,9 

274,8 
247,9 
220,3 
192,4 
163,3 

134,4 
105,1 
75,0 
45,2 
15,2 



0.0000+ 
0.9468 

I. 8910 
2.8301 
3.7614 

4.6824 
5.5905 
6.4834 
7.3583 
8.2133 

9.0457 
9.8533 
10.6338 

II. 3852 
12.1054 

12.7923 
13^4444 
14.0595 
14.6363 
15.1726 

15.6675 
16.1194 
16.5272 
16.8896 
17.2060 



= -11.1658 Diff - L = - 10.6378 Diff. 
-82° 14' for 10' J n=82°59' for 10' 



526,0 
524,6 
521,7 
517,4 
511,7 

504,5 
496,1 
486,1 
475,0 
462,4 

448,7 
433,6 
417,4 
400,1 
381,6 

362,3 
341,7 
320,4 
297,9 
274,9 

251,1 
226,6 
201,3 
175,8 
149,3 



17.4747 
17.6958 
17.8686 
17.9920 
18.0663 
1-18.0913+ 



0.0000 + 

0.5844 

1.1671 

1.7467 

2.3215 

2.8899 
3.4504 
4.0015 
4.5415 
5.0692 

5.5829 
6.0814 
6.5631 
7.0268 
7.4714 

7.8953 
8.2977 
8.6774 
9.0334 
9.3644 

9.6699 
9.9488 
10.2005 
10.4241 
10.6194 



122,8 I 
96,0 
68,6 
41,3 
13,9 



10.7852 
10.9217 
11.0283 
11.1045 
11.1504 
-11.1658+1 



324,7 
323,7 
322,0 
319,3 
315,8 

311,4 
306,2 
300,0 
293,2 
285,4 

276,9 
267,6 
257,6 
247,0 
235,5 

223,6 
210,9 
197,8 
183,9 
169,7 

154,9 
139,8 
124,2 
108,5 
92,1 

75,8 
59,2 
42,3 
25,5 
8,6 



■0.0000+ 
0.5567 
1.1119 
1.6641 
2.2117 

2.7533 
3.2872 
3.8122 
4.3267 
4.8295 

5.3189 
5.7938 
6.2527 
6.6945 
7.1180 

7.5219 
7.9053 
8.2670 
8.6062 
8.9215 

9.2126 
9.4783 
9.7181 
9.9312 
10.1172 



10.2752 
10.4052 
10.5068 
10.5794 
10.6231 
L 10.6378+ 



Aigomeat 

(0 + ») 



309,3 
308,4 
306,8 
304,2 
300,9 

296,6 
291,7 
285,8 
279,3 
271,9 

263,8 
254,9 
245,4 
235,3 
224,4 

213,0 
200,9 
188,4 
175,2 
161,7 

147,6 
133,2 
118,4 
103,3 
87,8 

72,2 
66,4 
40,3 
24,3 
8,2 



180 360 
183 357 
186 354 
189 351 
192 348 

195 345 
198 349 
201 339 
204 336 
207 333 

210 330 
213 327 
216 324 
219 321 
222 318 

225 315 
228 312 
231 309 
234 306 
237 303 

240 300 
243 297 
246 294 
249 291 
252 288 

255 285 
258 28? 
261 279 
264 276 
267 273 
270 270 



y Draconis 



a Lyrae 



y Aquilae 



> Aquila 



0 

Argument 



Digitized by 



Google 
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TABLE VI. Abecration in Declination. 



m. sin ( 0 + »•) 



Argument 

(0 + n) 



37 |3AquiljB 39} «* Capricorn! 



ro- -9.9163 
n=84° 26" 



0 180 
3 177 
6 174 
9 171 
12 168 

15 165 
18 162 
21 159 
24 156 
27 153 

30 150 
33 147 
36 144 
39 141 
42 138 

45 135 
48 132 
51 129 
54 126 
57 123 

60 120 
63 117 
66 114 
69 111 
72 108 

, 75 105 
78 102 
81 99 
84 96 
87 93 
90 90 

(0 + n) 
Argument 



-0.0000+ 
0.5190 
1.0365 
1.5512 
2.0617 

2.5666 
3.0643 
3.5537 
4.0333 
4.5019 

4.9582 
5.4008 
5.8287 
6.2405 
6.6353 

7.0118 
7.3692 
7.7064 
8.0225 
8.3165 

8.5878 
8.8355 
9.0§90 
9.2576 
9.4311 

9.5783 
9.6995 
9.7942 
9.861? 
9.9026 
-9.9163+ 



Diff. 
for 10' 



40 a. Cygni 



m = +5.0018 Diff. 
n~299°32' for 10' 



288,3 
287,5 
285,9 
283,6 
280,5 

276,5 
271,9 
266,4 
260,3 
253,5 

245,9 
237,7 
228,8 
219,3 
209,2 

198,6 
187,3 
175,6 
163,3 
150,7 

137,6 
124,2 
110,3 
96,4 
81,8 

67,3 
52,6 
37,6 
22,6 
7,6 



+ 0.0000- 
0.2618 
0.5228 
0.7825 
1.0399 

1.2946 
1.5456 
1.7925 
2.0344 
2.2708. 

2.5009 
2.7242 
2.9400 
3.1477 
3.3469 

3.5368 
3.7171 
3.8871 
4.0466 
4.1949 

4.3317 
4.4567 
4.5694 
4.6696 
. 4.7571 

4.8314 
4.8925 
4.9403 
4.9744 
4.9949 
+ 5.0018- 



/3 Aquilae 



145,4 
145,0 
144,3 
143,0 
141,5 

139,3 
137,2 
134,4 
131,3 
127,8 

124,1 
119,9 
115,4 
110,7 
105,5 

100,2 
94,4 
88,6 
82,4 
7 i,0 

69,4 
62,6 
55,7 
48,6 
41,3 

33,9 
26,6 
18,9 
11,4 
3,8 



a* Capricorni 



41 a, Cephei 



= -18.4639 
n = 60°38' 



-0.0000+ 
0.9663 
1.9300 
2.8884 
3.8388 

4.7788 
5.7056 
6.6168 
7.5098 
8.3824 

9.2319 
10.0561 
10.8528 
11.6196 
12.3546 

13.0557 
13.7211 
14.3489 
14.9376 
15.4850 

15.9901 
16.4513 
16.8675 
17.2373 
17.5602 

17.8345 
18.0601 
18.2364 
18.3624 
18.4383 
-18.4638+ 



Diff. 
for 10' 



536,8 
535,4 
532,4 
528,0 
522,2 

514,9 
506,2 
496,1 
484,8 
471,9 

457,9 
442,6 
426,0 
408,3 
389,5 

369,1 
348,8 
327,1 
304,1 
380,6 

256,2 
231,2 
205,4 
179,4 
152,4 

125,3 
97,9 
70,0 
42,2 
14,2 



a Cygni 



42 & Cephei 



= -20.0835 Diff. 
n=-41°30' for 10' 



-0.0000+ 
1.0511 
2.0993 
3.1417 
4.1756 

5.1980 
6.2061 
7.1973 
8.1686 
9.1178 

10.0418 
10.9383 
11.8048 
12,6389 
13.4385 

14.2010 
14.9249 
15.6077 
16.2480 
16.8434 

17.3929 
17.8945 
18.3472 
18.7495 
19.1007 

19.3990 
19.6445 
19.8363 
19.9733 
20.0558 
-20.0835+ 



583,9 
582,3 
579,1 
574,4 
568,0 

560,1 
550,7 
539,6 
527,3 
513,3 

498,1 
481,4 
463,4 
444,2 
423,6 

402,2 
379,3 
355,7 
330,8 
305,3 

278,7 
251,5 
223,5 
195,1 
165,7 

136,4 
101,0 
76,1 
45,8 
15,4 



a Cephei 



- -20.4268 
n*42°25' 



-0.0000+ 

I. 0691 
2.1352 
3.1954 
4.2470 

5.2869 
6.3122 
7.3203 
8.3083 
9.2736 

10.2134 

II. 1253 
12.0066 
12.8549 
13.6682 

14.4438 
15.1799 
15.8745 
16.5257 
17.1313 

17.6901 
18.2004 
18.6608 
19.0700 
19.4272 

19.7306 
19.9802 
20.1753 
20.3147 
20.3986 
-204268+ 



Diff. 
for 10' 



Argument 
(0+n) 



593,9 
592,3 
589,0 
584,2 
577,7 

569,6 
560,1 
548,9 
536,3 
522,1 

506,6 
489,6 
471,3 
451,8 
430,9 

408,9 
385,9 
356,2 
336,4 
310,4 

283,5 
255,8 
227,3 
198,4 
168,6 

138,7 
108,4 
77,4 
46,6 
15,7 



180 360 
183 357 
186 354 
189 351 
192 348 

195 345 
198 342 
201 339 
204 336 
207 333 

210 330 
213 327 
216 324 
219 321 
222 318 

225 315 
228 312 
231 309 
234 306 
237 303 

240 300 
243 297 
246 294 
249 291 
252 288 

255 285 
258 282 
261 279 
264 276 
267 273 
270 270 



0 Cephei 



(O + n) 
Argument 



Digitized by 



Tables for c<m^^^m^^^^ 
TABLE VL Aberration in Declination. 
m. sin (0 + ») 



45 a Pegasi 



m= -10.3927 



Argument ^ 


(3 a Aquarii < 


14 Fomalhaut 4£ 


(0 + ») 


mes 4- 7.9759 


Diff. r 


,=. + 10.7157 


Diff. m 




n«272° 31' 


for 10 7 


n~S37° 34' 


for 10' 


e o 

0 180 


+0.0000— 


231,9 




311,6 — 


3 177 


0.4174 


231,3 


u.oouo 


310,7 


6 174 


0.8337 


230,0 


l i oni 


309,0 


9 171 


1.2477 


228,1 


1.0/ OO 


306,4 


12 168 


1.6583 


zzo,o 


2.2279 


303,1 


15 165 


2.0643 


222,4 


Z»/ / o4 


90ft ft 


18 162 


2.4647 


218,7 


• 41 1 9 


9Q^ ft 

Z«7«>,0 


21 159* 


2.8583 


214,3 


o.o4uz 




24 156 


3.2441 


209,4 




9ft1 A 


27 153 


3.6210 


203,9 


4.8649 


273,8 


30 150 


3.9880 


197,8 


0.307o 


ft 

200,0 


33 147 


4.3440 


191,2 


5.8362 


zoo,o 


36 144 


4.6881 


184,1 


6.2985 


240,7 


39 141 


5.0194 


181,9 


6.7436 


Z3/,U 


42 138 


5.3369 


Tfift S 

XUOjO 


7.1702 


226,0 


45 135 


5.6398 


159,7 


7.0/70 


Zl4,0 


48 132 


5.9272 


150,7 


7.9632 


202,4 


51 129 


6.1984 


141,3 


8.3276 


189,8 


54 126 


6.4527 


131,3 


8.6692 


176,'5 


57 123 


6.6891 


121,2 


#-> AO0A 

8.9869 


162,8 


60 120 


6.9073 


110,7 


9.2800 


148,7 


63 117 


7.1066 


99,9 


9.5477 


134,2 


66 114 


7.2864 


88,7 


9.7893 


119,2 


69 111 


7.4461 


77,5 


10.0039 


104,1 


72 108 


7.5856 


65,8 


10.1913 


88,4 


75 105 


7.7041 


54,1 


10.3505 


72,7 


78 102 


7.8015 


42,3 


10.4814 


56,9 


81 99 


7.8777 


30,2 


10.5838 


40,6 


84 96 


7.9321 


18# 


10.6569 


24,4 


87 93 


7.9649 


6,1 


10.7009 


8,2 


90 90 


+7.9759— 




+10.7157- 




(0 + n) 










Argument 


t a Aquarii 


Fomalhaat 



46 a Andromedae 



-0.0000+ 
0.5439 
1.0863 
1.6258 
2.1608 

2.6899 
3.2115 
3.7244 
4.2271 
4.7182 

5.1964 
5.6603 
6.1087 
6.5403 
6.9541 

7.3487 
7.7232 
8.0766 
8.4079 
8.7161 

9,0004 
9.2600 
9.4942 
9.7024 
9.8842 

10.0385 
10.1655 
10.2648 
10.3357 
10.3784 
-10.3927+ 



Diff. 
for Iff 



m=»- 12.0642 
=36° 4* 



302,2 
301,3 
299,7 
297,2 
293,9 

289,8 
284,9 
279,3 
272,8 
265,7 

257,7 
249,1 
239,8 
229,9 
219,2 

208,1 
196,3 
184,1 
171,2 
157,9 

144,2 
130,1 
115,7 
101,0 
85,7 

70,6 
55,2 
39,4 
23,7 
7,9 



Diff. 
for 10' 



a Pegasi 



0.0000+ 
0.6314 
1.2610 

I. 8873 
2.5083 

3.1225 
3.7280 
4.3234 
4.9069 
5.4771 

6*0321 
6.5707 
7.0912 
7.5922 
8.0725 

8.5306 
8.9654 
9.3756 
9.7602 
10.1179 

10.4479 
10.7493 

II. 0212 
11.2629 
11.4739 

11.6531 
11.8005 
11.9157 
11.9980 
12-0476 
-12.0642+ 



350,8 
349,8 
347,9 
345,0 
341,2 



Argument 

(©• + ■) 



180 360 
183 357 
186 354 
189 351 
192 348 



336,4 
330,8 
324,2 
316,8 
308,3 

299,2 
289,2 
278,3 
266,8 
264,5 

241,6 
227,9 
213,7 
198,7 
183,3 



167,4 
151,1 
134,3 
117,2 
99,6 

82,4 
64,0 
45,7 
27,6 
9,2 



a Andromedae 



195 345 
198 342 
201 339 
204 336 
207 333 

210 330 
213 327 
216 324 
219 321 
222 318 

225 315 
228 312 
231 309 
234 306 
237 303 



240 300 
243 297 
246 294 
249 291 
252 288 

255 285 
258 282 
261 279 
264 276 
267 273 
270 270 

(0 + «) 
Argument 



Digitized by 



ofthejbrty-jbur principal Fixed Stars. 487 
TABLE VII. Lunar Nutation in Declination. 



m* sin ( Q -f n ) 



Argument 
(& + ..) 


1 y Pegasi 


2 ct Cassiop. 


3 Polaris 


4 a Arietis 


5 « Ceti 


Argument 

(A-+ «) 


m- -6.6834 
» =.358° 29* 


Diff. 
forlC 


m— 6.7309 
n=349°40' 


Dir. 
for 10' 


m-— 6.8574 
a -340° 42* 


Diff. 
for 10' 


m— 7.SQI8 
n~S22° 52' 


our. 
for i<y 


m— 7.8478 
n«=308° 15' 


Dir. 

for 10' 


• © 

0 180 

3 177 
6 174 
9 171 
12 168 

15 165 
18 162 
21 159 
24 156 
27 153 

30 150 
3* 147 
36 144 
39 141 
42 138 

45 135 
48 132 
51 129 
54 126 
57 123 

60 120 
63 117 
66 114 
69 111 
72 108 

75 105 
78 102 
81 99 
84 96 
87 93 
90 90 


-0.0000+ 
0.3498 
0.6986 
1.0455 
1.3896 

1.7298 
2.0653 
2.3951 
2.7184 
3.0342 

3.3417 
3.6401 
3.9284 
4.2060 
4.4721 

4.7259 
4.9667 
5.1940 
5.4070 
5.6052 

5.7880 
5.9550 
6.1056 
6.2395 
6.3564 

6.4557 
6.5373 
6.6012 
6.6468 
6.6742 
-6.6834+ 


194,3 
193,8 
192,7 
191,2 
189,0 

186,4 
183,2 
179,6 
175,4 
170,8 

165,8 
160,2 
154,2 
147,8 
141,0 

133,8 
126,3 
118,3 
110,1 
101,6 

92,8 
83,7 
74,4 
64,9 
55,2 

45,3 
35,5 
25,3 
15,2 
5,1 


-0.0000+ 
0.3523 
0.7036 
1.0529 
1.3994 

1.7421 
2.0799 
2.4121 
2.7377 
3.0558 

3.3654 
3.6659 
3.9563 
4.2358 
4.5038 

4.7594 
5.0020 
5.2308 
5.4454 
5.6449 

5.8291 
5.9972 
6.1489 
6.2838 
6.4015 

6.5014 
6.5837 
6.6480 
6.6939 
6.7216 
-6.7309 + 


195,7 
195,2 
194,1 
192,5 
190,4 

187,7 
184,6 
180,9 
176,7 
172,0 

166,9 
161,3 
155,3 
148,9 
142,0 

134,8 
127,1 
119,2 
110,8 
102,3 

93,4 
84,3 
74,9 
65,4 
55,5 

45,7 
35,7 
25,5 
15,4 
5,2 


-o!'oooo+ 

0.3589 
0.7168 
1.0727 
1.4257 

1.7748 
2.1190 
2.4575 
2.7891 
3.1132 

3.4287 
3.7348 
4.0307 
4.3155 
4.5885 

4.8489 
5.0960 
5.3292 
5.5478 
5,7511 

5.9387 
6.1100 
6.2646 
6.4019 
6.5218 

6.6237 
6.7075 
6.7730 
6.8198 
6.8479 
-6.8574 + 


199,4 
198,8 
197,7 
196,1 
193,9 

191,2 
188,1 
184,2 
180,1 
175,3 

170,1 
164,4 
158,2 
151,7 
144,7 

137,3 
129,6 
121,4 
112,9 
104,2 

95,2 
8.5,9 
76,3 
66,6 
56*6 

46,6 
36,4 
26,0 
15,6 
5,3 


-0.0000+ 
0.3821 
0.7632 
1.1422 
1.5181 

1.8899 
2.2564 
2.6167 
2.9699 
3.3150 

3.6509 
3.9769 
4.2919 
4.5952 
4.8858 

5.1631 
5.4263 
5.6745 
5.9073 
6.1238 

6;3235 
6.5059 
6.6705 
6.8168 
6.9445 

7.0529 
7.1422 
7.2119 
7.2617 
7.2917 
-7.3018+ 


212,3 
211,7 
210,6 
208,8 
206,6 

203,6 
200,2 
196,2 
191,7 
186,6 

181,1 
175,0 
168,5 
16*,4 
154,1 

146,2 
137,9 
129,3 
120,3 
110,9 

101,3 
91,4 
81,3 
70,9 
60,2 

49,6 
38,7 
27,7 
16,7 
5,6 


-0.0000+ 
0.4107 
0.8203 
1.2277 
1.6317 

2.0312 
2.4251 
2.8124 
3.1920 
3.5629 

3.9239 
4.2743 
4.6129 
4.9388 
5.2512 

5.5492 
5.8320 
6.0989 
6.3491 
6.5817 

6.7964 
6.9925 
7.1694 
7.3266 
7.4638 

7.5804 
7.6763 
7.7512 
7.8048 
7.8370 
-7.8478+ 


228,2 
227,6 
226,3 
224,4 
221,9 

318,8 
215,2 
210,9 
206,1 
200,6 

194,7 
188,1 
181,1 
173,6 
165,6 

157,1 
148,3 
139,0 
129,2 
119,3 

108,9 
98,3 
87,3 
76,2 
64,8 

53,3 
41,6 
29,8 
17,9 
6,0 


180 360 
183 917 
186 354 
189 351 
192348 

1*5 945 
198 942 
201 339 
204 396 
207 333 

210 330 
213 327 
216 324 
219 321 
222 318 

225 315 
228 312 
231 309 
234 306 
237 303 

240 300 
243 297 
246 294 
249 291 

aQQ 

*9Z ZOO 

255 285 
258 282 ( 
261 279 
264 276 
267 273 
270 270 


(& + n) 
Argument 


y PegaSi 


a Cassiop. 


Polaris 


a Afietis 


ft Ceti 


(&+«) 
Argument 



Digitized by 



488 



Tuhkifor computing the apparent Places 



TABLE VII. Lunar Nutation in Declination., 



m. sin (a + n ) 



l 


Lrgnmeot £ 


a Persei 7 


AldebtCran 8 


Capella 9 


Rigel 


1 


0 j3 Tauri 


Argument 
(& + *) 


< 


&+n) » 


»to -8.0334 
n«308° 47' 


Diff. 
for 10' 


m- -8.6641 
n=*287°54' 


Diff. » 
for 10' 


n= -8.8597 
n«280°«9' 


Diff. 
for 10' 


m= 8.8689 
n*280° 4' 


Diff. i 
for 10* 


n = — 0.3UW 

n-21b° 19' 


for ltf 




• o 

0 180 - 
3 177 
6 174 
9 171 
12 168 

15 165 
18 162 
21 159 
24 156 
27 153 

30 150 
33 147 
36 144 
39 141 
42 138 

45 135 
48 132 
51 129 
54 126 
57 123 

60 120 
63 117 
66 114 
69 I'll 
72 108 

75 105 
78 102 
81 99 
84 96 
87 93 
90 90 


-6.0000+ 
0.4204 
0.8397 
1.2567 
1.6703 

2.0792 
2.4824 
2.8789 
3.2675 
3.6471 

4.0167 
4.3753 
4.7219 
5.0556 
5.3754 

5.6804 
5.9699 
6.2431 
6.4992 
6.7374 

6.9571 
7.1578 
7.3389 
7.4998 
7.6403 

7.7596 
7.8578 
7.9345 
7.9893 
8.0223 
-8.0334+ 


233,6 
232,9 
231,7 
229,8 
227,2 

224,0 
220,3 
215,9 
210,9 
205,3 

199,2 
192,6 
185,4 
177,7 
169,4 

160,3 
151,8 
142,3 
132,3 
122,1 

111,5 
100,6 
89,4 
78,1 
66,3 

54,6 
42,6 
30,4 
18,3 
6,2 


—0.0000+ 
0.4529 
0.9046 
1.3538 
1.7993 

2.2399 
2.6742 
3.1013 
3.5199 
3.9289 

4.3270 
4.7134 
5.0867 
5.4462 
5.7907 

6.1193 
6.4312 
6.7254 
7.0013 
7.2579 

7.4946 
7.7108 
7.9059 
8.0792 
8.2306 

8.3591 
8.4649 
8.5475 
8.6066 
8.6421 
-8.654H 


251,6 - 

250,9 

249,6 

247,5 

244,8 

241,3 
237,3 
232,6 
227,2 
221,2 

214,7 
207,4 
199,7 
191,4 
182,6 

173,3 
163,4 
153,3 
142,6 
131,5 

120,1 
108,4 
96,3 
84,1 
71,4 

58,8 
45,9 
32,8 
19>7 
6,7 


-6.0000+ 
0.4637 
0.9261 
1.3860 
1.8420 

2.2931 
2.7378 
3.1750 
3.6035 
4.0223 

4.4299 
4.8254 
5.2076 
5.5756 
5.9283 

6.2647 
6.5840 
6.8853 
7.1677 
7.4304 

7.6727 
7.8941 
8.0938 
8.2712 
8.4262 

8.5578 
8.6660 
8.7506 
8.8111 
8.8475 
-8.8597 + 


257,6 ■ 

256,9 

255,5 

25^,3 

250,6 

247,1 
242,9 
238,1 
232,7 
226,4 

219,7 
212,3 
204,4 
195,9 
186,9 

177,4 
167,4 
156,9 
145,9 
134,6 

123,0 
110,9 
98,6 
86,1 
73,1 

60,1 
47,0 
33,6 
20,2 
6,8 


-6.0000+ 
0.4642 
0.9270 
1.3874 
1.8440 

2.2955 
2.7406 
3.1783 
3.6073 
4.0264 

4.4345 
4.8304 
5.2130 
5.5814 
5.9344 

6.2712 
6.5908 
6.8924 
7.1751 
7.4381 

7.6807 
7.9022 
8.1021 
8.2798 
8.4349 

8.5666 
8.6750 
8.7597 
8.8202 
8.8567 
—8.8689 + 


257,9 - 

257,1 

255,8 

253,7 

250,8 

247,3 
243,2 
238,3 
232,8 
226,7 

219,9 
212,6 
204,7 
196,1 
187,1 

177,0 
167,6 
157,1 
146,1 
134,8 

123,1 
111,1 

Ofi T 

yt>,/ 
86,2 
73,2 

60,2 
47,1 
33,6 
20,3 
6,8 


-6.0000+ 
0.4659 
0.9306 
1.3926 
1.8509 

2.3041 
2.7510 
3.1904 
3.6209 
4.0417 

4.4512 
4.8486 
5.2328 
5.6025 
5.9569 

6.2949 
6.6158 
6.9185 
7.2023 
7.4662 

7.7097 
7.9321 
8.1328 
8.3111 
8.4668 

8.5990 
8.7078 
8.7929 
8.8536 
8.8902 
-8.9025+ 


258,8 
258,2 
256,7 
254,6 
251,8 

248,3 
244,1 
239,2 
233,8 
227,5 

220,8 
213,4 
205,4 
196,9 
187,8 

178,3 
168,2 
157,7 
146,6 
135,3 

123,6 
111,5 
99,1 
86,5 
73,4 

60,4 
47,3 
33,7 
20,3 
6,8 


180 360 
183 357 
186 354 
189 351 
192 348 

195 345 

i98 m 

201 339 
204 336 
207 333 

210 330 
213 327 
216 324 
219 321 
222 318 

225 315 
228 312 
231 309 
234 306 
237 303 

240 300 
243 297 
246 294 
249 291 
252 288 

255 285 
258 282 
261 279 
264 276 
267 273 
270 270 

(& + •) 




(& + n) 
Argnmen 


t a Persei 


Aldebf 


iran 


Capella 


Rigel 


jSTaari 
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Argument 


11 a Ononis 


12 Sinus- 


13 Castor » 


14 Procy 


on 


(ft + n) 


m= —8.9695 


Diff. 


m« +8.9234 


Diff. 


m= +8.7179 


Diff. 


m= +'8.6764 


Diff. 




n=272* 37' 


for 10' 


n-8S° 58' 


for 10' 


n=»74° 6' 


for 10' 


n — 72° 47' 


for lO' 


o o 
0 180 


—6.0000+ 


260,8 


+6.0000— 


259,4 


+ 6.0000— 


253,5 


+6.0000- 


252,3 


3 177 


0.4694 


260,1 


0.4670 


258,7 


0.4563 


252,8 


0.4541 


251,6 


6 174 


0.9376 


258,6 


0.9327 


257,3 


0.9113 


251,4 


0:9069 


250,2 


9 171 


1.4031 


256,6 


1.3959 


255,2 


1.3638 


249,3 


1.3573 


248,1 


12 168 


1.8649 


253,7 


1.8553 


252,4 


1.8126 


246,6 


1.8039 


245,4 


15 165 


2.3215 


250,1 


2.3096 


248,8 


2.2564 


243,1 


2.2456 


241,9 


18 162 


2.7717 


245,9 


2.7575 


244,7 


2.6940 


239,0 


2.6811 


237,9 


21 159 


3.2144 


241,0 


3.1979 


239,7 


3.1242 


234,2 


3.1094 


233,1 


24 156 


3.6482 


235,5 


3.6294 


234,3 


3.5458 


228,9 


3.5290 


227,8 


27 153 


4.0721 


229,3 


4.0512 


228,1 


3.9579 


222,8 


3.9390 


221,8 


30 150 


4.4848 


222,4 


4.4617 


221,3 


4.3589 


216,2 


4.3382 


215,2 


33 147 


4.8852 


215,0 


4.8600 


213,9 


4.7481 


208,9 


4.7255 


208,0 


36 144 


5.2722 


206,9 


5.2451 


205,8 


5.1242 


201,2 


5.0999 


200,2 


39 141 


5.6447 


198,4 


5.6156 


197,4 


6.4863 


192,8 


5.4602 


191,9 


42 138 


0.0018 


189,2 


5.9709 


188,2 


5.8334 


183,9 


5.8056 


183,1 


45 135 


6.3423 


179,6 


6.3097 


178,7 


6.1644 


174,6 


6.1351 


173,7 


48 132 


6.6656 


169,4 


6.6313 


168,6 


6.4786 


164,7 


6.4478 


163,9 


51 129 


6.9706 


158,8 


6.9347 


158,1 


6.7750 


154,4 


6.7428 


153,7 


54 126 


7.2565 


147,8 


7.2192 


147,0 


7.0529 


143,6 


7.0194 


142,9 


57 123 


7.5225 


136,3 


• 7.4838 


135,6 


7.3114 


132,5 


7.2766 


131,9 


60 120 


7.7678 


124,5 


7.7279 


123,8 


7.5499 


121,0 


7.5140 


120,4 


63 117 


7.9919 


112,3 


7.9508 


111,7 


7.7677' 


109,2 


7.7307 


108,7 


66 114 


8.1941 


99,8 


8.1519 


99,3 


7.9642 


97,0 


7.9263 


96,6 


69 111 


8.3738 


87,1 


8.3307 


86,8 


8.1388 


84,7 


8.1001 


84,3 


72 108 


8.5306 


74,0 


8.4867 


73,7 


8.2913 


71,9 


8.2518 


71,6 


75 105 


8.6638 


60,9 


8.6193 


60,6 


8.4207 


59,2 


8.3807 


58,9 


78 102 


8.7734 


47,6 


8.7283 


47,3 


8.5273 


46,2 


8.4867 


46,1 


81 99 


8.8591 


34,0 


8.8135 


33,8 


8.6105 


33,1 


8.5696 


32,9 


84 96 


8.9203 


20,5 


8.8744 


20,4 


8.6700 


19,9 


8.6288 


19,8 


87 93 


8.9572 


6,8 


8.9111 


6,8 


8.7058 


6,7 


8.6644 


6,7 


90 90 


—8.9695+ 




+ 8.9234— 




+ 8.7179- 




+8.6764- 




(ft + n) 


a Ononis 


Sinus 


Castor 


Procyon 


Argument 



















15 Pollux 



m= +8.6469 
n=71 0 53 > 



Diff. 
for 10' 



Argument 

(ft + «) 



+0.0000- 
0.4525 
0.9038 
1.3527 
1.7978 

2.2380 
2.6720 
3.0988 
3.5170 
3.9256 

4.3234 
4.7094 
5.0825 
5.4416 
5.7859 

6.1142 
6.4258 
6.7199 
6.9955 
7.2519 

7.4884 
' 7.7044 
7.8993 
8.0725 
8.2238 

8.3522 
8.4579 
8.5404 
8.5994 
8.6350 
+ 8.6469- 



251,4 
250,7 
249,4 
247,3 
244,6 

241,1 
237,1 
232,3 
227,0 
221,0 

214,4 
207,3 
199,5 
191,3 
182*4 

173,1 
163,4 
153,1 
142,4 
131,4 

120,0 
108,3 
96,2 
84,1 
71,3 

58,7 
45,8 
32,8 
19,8 
6,6 



180 360 
183 357 
186 354 
189 351 
192 348 

195 345 
198 342 
201 339 
204 336 
207 333 

210 330 
213 327 
216 324 
219 321 
222 318 

225 315 
228 312 
231 309 
234 306 
237 303 

240 300 
243 297 
246 294 
249 291 
252 288 

255 285 
258 282 
261 279 
264 276 
267 273 
270 270 



Pollux 



(ft +'n) 
Argument 
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TABLE VII. Lunar Nutation in Declination. 



m. sin (9 +n) 



Argument 
(&+») 



21 y Ursae Major, 



22 Spica Virginis 



m» +6.6948 Diff. 
»-5°5' for 10' 



23 ij Ursae Major. 



m=» + 6.9634 
n~3S5° fl' 



Diff. 
for 10' 



m- +7.1535 Diff. 
n-=327°41' forlO' 



24 Arctnrus 



.+7.3983 
=320° 1' 



Diff. 
for 10' 



J a q Libras 



ro= +7.7286 
it- 311° 12' 



Diff. 
for 10' 



Argument 
(ft + n) 



0 180 
3 177 
6 174 
9 171 
12 168 

15 165 

18 162 

21 159 

24 156 

27 153 

30 150 
33 147 
36 144 
39 141 
42 138 

45 135 
48 132 
51 129 
54 126 
57 123 

60 120 
63 117 
66 114 
69 111 
72 108 

75 105 
78 102 
81 99 
84 96 
87 93 
90 90 



+0.0000- 
0.3503 
0.6997 
1.0472 
1.3918 

1.7326 
2.0686 
2.3990 
2.7228 
3.0391 

3.3471 
3.6459 
3.9348 
4.2128 
4.4793 

4.7335 
4.9747 
5.2024 
5.4158 
5.6142 

5.7974 
5.9646 
6.1155 
6.2496 
6.3666 

6.4661 
6.5479 
fl.6118 
6.6575 
6.6850 
+6.6942- 



194,6 
194,1 
193,1 
191,4 
189,3 

186,7 
183,6 
179,9 
175,7 
171,1 

166,0 
160,5 
154,4 
148,1 
141,2 

134,0 
126,5 
118,6 
110,2 
101,8 

92,8 
83,8 
74,5 
65,0 
55,3 

45,4 
35,5 
25,4 
15,3 
5,1 



(& + n) 
Argument 



y UrssB Major. 



+0.0000 - 
0.3644 
0.7279 
1.0893 
1.4478 

1.8023 
2.1518 
2.4955 
2.8322 
3.1613 

3.4817 
3.7925 
4.0930 
4.3822 
4.6594 

4.9238 
5.1748 
5.4115 
5.6335 
5.8400 

6^0305 
6.2044 
6.3614 
6.5008 
6.6226 

6.7260 
6.8111 
6.8773 
6.9252 
6.9538 
+ 6.9634- 



202,4 
201,9 
200,8 
199,2 
196,9 

194,2 
190,9 
187,1 
182,8 
178,6 

172,7 
166,9 
160,7 
154,0 
146,9 

139,4 
131,5 
123,3 
114,7 
105,8 

96,6 
87,2 
77,4 
67,7 
57,4 

47,3 
36,8 
26,6 
15,9 
5,3 



+0.0000- 
0.3744 
0.7477 
1.1191 
1.4873 

1.8515 
2.2105 
9.5636 
2.9096 
3.2477 

3.5768 
3.8961 
4.2047 
4,5018 
4.7866 

5.0582 
5.3161 
5.5593 
5.7874 
5.9994 

-6.1951 
6.3738 
6.5351 
6.6784 
6.8035 

6.9097 
6.9971 
7.0655 
74143 
7.1436 
+7.1535— 



208,0 
207,4 
206,3 
204,6 
202,3 

199,4 
196,2 
192,2 
187,8 
182,8 

177,4 
171,4 
165,1 
158,2 
150,9 

143,3 
135,1 
126,7 
117,8 
108,7 

99,3 
89,6 
79,6 
69,5 
59,0 

48,6 
38,0 
27,1 
16,3 
5,5 



+0.0000- 
0.3872 
0.7733 
1.1571 
1.5382 

1.9148 
2.2862 
2.6513 
3.0091 
3.3588 

3.6991 
4.0294 
4.3486 
4.6559 - 
4.9504 

5.2313 
5.4979 
5.7495 
5.9854 
6.2047 

6.4071 
6.5919 
6.7587 
6.9068 
7.0362 

7.1461 
7.2365 
7.3072 
7.3577 
7.3881 
+7.3983- 



215,1 
214,5 
213,2 
211,7 
209,2 

206,3 
202,8 
198,8 
194,3 
189,1 

183,5 
177,3 
170,7 
163,6 
156,1 

148,1 
139,8 
131,1 
121,8 
112,4 

102,7 
92,7 
82,3 
71,9 
61,1 

50,2 
39,3 
28,1 
16,9 
5,7 



Spica Virginis 



i) Ursae Major. 
3s2 



A returns 



+0.0000— 
0.4045 
0.8078 
1.2090 
1.6069 

2.0003 
2.3883 
2.7697 
3.1435 
3.5087 

3.8643 
4.2093 
4.5428 
4.8637 
5.1714 

5.4649 
5.7434 
6.0062 
6.2526 
6.4817 

6.6931 
6.8862 
7.0604 
7.2152 
7.3504 

7.4652 
7.5596 
7.6334 
7.6862 
7.7179 
+7.7286- 



224,7 
224,1 
222,9 
221,1 
218,6 

215,6 
211,9 
207,7 
202,9 
197,6 

191,7 
185,3 
178,3 
170,9 
163,1 

154,7 
146,0 
136,9 
127,3 
U7,4 

107,3 
96,8 
86,0 
75,1 
63,8 

52,4 
41,0 
29,3 
17,6 
5,9 



180 360 
183 357 
186 354 
189 351 
192 348 

195 345 
198 342 
201 339 
204 336 
207 333 

210 330 
213 327 
216 324 
219 321 
222 318 

225 315 
228 312 
231 309 
234 306 
237 303 

240 300 
243 297 
246 294 
249 291 
252 288 

255 285 
258 282 
261 279 
264 276 
267 273 
270 270 



«• Librae 



(& + n) 
Argument 
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sin ( 8 + n ) 
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Google 
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TABLE VII. Lunar Nutation in Declination. 



m. sin ( Q + n ) 



Argument 


32 flt Ophiuchi 


33 y Draconis 1 


34 a Lyrae 


35 y Aquilae 


36 a Aquilae 


Argument 


(ft + n) 


m= +8.9359 
n=»276° 9' 


Diff. 
for 10' 


m= +8.9751 
n«271° 22' 


Diff. 
for 10* 


'm=-8.9403 
n=84° 11' 


Diff. 
for IC 


m= -8.6248 
n«71° 13' 


Diff. 
for 10' 


m =-8.5947 
n«=70 o 21' 


Diff. 
for 10' 


(ft + n) 


a o 

n 1 RD 


+6.0000— 


259,8 


+6.0000- 


260,9 


-6.0000 + 


259,9 


-6.0000+ 


250,8 


-6.0000+ 


249,9 


180 360 


3 177 


0.4677 


259,1 


0.4697 


260,2 


0.4679 


259,2 


0.4514 


250,1 


0.4498 


249,2 


183 357 


6 174 


0.9340 


257,7 


0.9381 


258,8 


0.9345 


257,8 


0.9015 


248>7 


0.8984 


247,8 


186 354 


9 171 


1.3979 


255,6 


1.4040 


256,7 


1.3986 


255,7 


1.3492 


246,7 


1.3445 


245,8 


189 3M 


12 168 


1.8579 


252,7 


1.8660 


253,9 


1.8588 


252,8 


1.7932 


243,9 


1.7869 


243,1 


192 348 


13 -LOO 


2.3128 


249,2 


2.3230 


250,2 


2.3139 


249,3 


2.2323 


240,5 


2.2245 


239,7 


195 345 


18 162 


2.7613 


245,1 


2.7734 


246,1 


2.7627 


245,1 


2.6652 


236,5 


2.6559 


235,7 


198 342 


21 159 


3.2024 


240,1 


3.2164 


241,2 


3.2039 


240,2 


3.0909 


231,7 


3.0801 


230,9 


201 339 


24 156 


3.6345 


234,7 


3.6505 


235,6 


3.6363 


234>7 


3.5080 


226,4 


3.4957 


225,7 


204 336 


27 153 


4.0569 


228,4 


4.0746 


229,4 


4.0588 


228,5 


3.9156 


220,4 


3.9019 


219,7 


207 333 


w i en 
oU lOU 


4.4680 


221,6 


4.4876 


222,6 


4.4701 


221,7 


4.3124 


213,9 


4.2973 


213,2 


210 330 


S3 147 


4.8669 


214,2 


4.8882 


215,2 


4.8692 


214,3 


4.6974 


206,8 


4.6810 


206,0 


213 327 


36 144 


5.2524 


206,2 


5.2755 


207,1 


5.2550 


206,3 


5.0696 


199,0 


5.0518 


198,3 


216 324 


39 141 


5.6235 


197,7 


5.6482 


198,5 


5.6263 


197,7 


5.4278 


190,7 


5.4088 


190,1 


219 321 


42 138 


5.9793 


188,5 


6.0055 


189,3 


5.9822 


188,6 


5.7711 


181,9 


5.7510 


181,3 


222 318 


45 135 


6.3186 


178,9 


6.3463 


179,7 


6.3216 


179,1 


6.0986 


172,7 


6.0773 


172,1 


225 315 


48 132 


6.6406 


168,8 


6.6698 


169,5 


6.6439 


168,8 


6.4094 


162,9 


6.3870 


162,4 


228 312 


51 129 


6.9445 


158,3 


6.9749 


159,0 


6.9478 


158,4 


6.7027 


152,8 


6.6793 


152,2 


231 309 


54 X26 


7.2294 


147,2 


7.2611 


147,8 


7.2329 


147,2 


6.9777 


142,1 


6.9533 


141,6 


234 306 


57 123 


7.4943 


135,8 


7.5271 


136,4 


7.4979 


135,9 


7.2334 


131,1 


7.2081 


130,6 


237 303 


60 120 


/ . / oo/ 


i a a i 
124,1 


7.7727 


1x4,0 




124,1 


7.4693 


119,7 


7.4432 


119,3 


240 300 


63 117 


7.9620 


111,9 


7.9969 


112,4 


7.9658 


111,9 


7.6848 


108,0 


7.6579 


107,6 


243 297 


66 114 


8.1634 


99,4 


8.1992 


99,9 


8.1673 


99,5 


7.8792 


95,9 


7.8516 


95,7 


246 294 


69 111 


8.3424 


86,8 


8.3790 


87,2 


8.3464 


86,9 


8.0519 


83,8 


8.0238 


83,5 


249 291 


72 108 


8.4987 


73,7 


8.5359 


74,1 


8.5028 


73,8 


8.2028 


71,2 


8.1741 


70,9 


252 288 


75 105 


8.6314 


60,7 


8.6692 


60,9 


8.6356 


60,7 


8.3309 


58,6 


8.3018 


58,3 


255 285 


78 102 


8.7406 


47,4 


8.7789 


47,6 


8.7448 


47,4 


8.4363 


45,7 


8.4068 


45,6 


258 282 


81 99 


8.8259 


33,9 


8.8646 


34,1 


8.8302 


33,9 


8.5186 


32,7 


8.4889 


32,6 


261 279 


84 96 


8.8869 


20,4 


8.9259 


20,4 


8.8912 


20,4 


8.5775 


19,7 


8.5475 


19,6 


264 276 


87 93 


8.9236 


6,8 


8.9627 


6,9 


8.9279 


6,9 


8.6129 


6,6 


8.5828 


6,6 


267 273 


90 90 


+ 8.9359 — 




+ 8.9751- 


-8.9403 + 


-8.6248 + 




-8.5947 + 




270 270 
























'(oV+ n) 


(ft + n) 
Argument 


a Ophiuchi 


y Draconis 


a Lyrae 


y A quite 


a Aquilae 


Argument 
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m. ain ( 8 + n ) 



Argument 
(& + n) 



0 180 
3 177 
6 174 
9 171 
12 168 

15 165 
18 162 
21 159 
24 156 

27 153 

« 

30 150 
33 147 
36 144 
39 141 
42 138 

45 135 
48 132 
51 129 
54 126 
57 123 

60 120 
63 117 
66 114 
69 111 
72 108 

75 105 
78 102 
81 99 
84 96 
87 93 
90 90 



Argument 



P Aqnilae 



n =69° 26' 



0.0000+ 

0.4481 

0.8950 

1.3394 

1.7802 

2.2161 
2.6459 
3.0685 
3.4826 
3.8872 

4.2811 
4.6634 
5.0328 
5.3884 
5.7293 

6.0544 
6.3630 
6.6541 
6.9271 
7.1809 

7.4152 
7.6290 
7.8220 
7.9936 
8.1433 

8.2705 
8.3751 
8.4569 
8.5153 
8.5505 
-8.5623 



Diff. 
for ltf 



| a 4 Gapricorni 



40 a Cygni 



-8.3911 
»64 p 55' 



248,9 
248,3 
246,9 
244,9 
242,2 

238,8 
234,8 
230,1 
224,8 
218,8 

212,4 
205,2 
197,6 
189,4 
180,6 

171,4 
161,7 
151,7 
141,0 
130,2 

118,8 
107,2 
95,3 
83,2 
70,7 

58,1 
45,4 
32,4 
19,6 
6,6 



-0.0000+ 
0.4392 
0.8771 
1.3127 
1.7446 

2.1718 
2.5930 
3.0071 
3.4130 
3.8095 

4.1956 
4.5701 
4.9322 
5.2807 
5.6147 

5.9334 
6.2358 
6.5211 
6.7886 
7.0374 

7,2669 
7,4765 
7.6657 
7.8338 
7.9805 

8.1051 
8.2077 
8,2878 
8.3451 
8.3795 
-8.3911 + 



/3 Aquilae 



Diff. 
for 10' 



m= -8.1493 Diff. 
59 6 tf for Itf 



244,0 
243,3 
242,0 
239,9 
237,3 

234,0 
230,1 
225,5 
220,3 
214,5 

208,1 
201,2 
193,6 
185,6 
177,1 

168,0 
158,5 
148,6 
138,2 
127,5 

118,4 
105,1 
93,4 
81,5 
69,2 

57,0 
44,5 
31,8 
19,1 



a* Capricorni 



41 a Cgphei 



0.0000+ 

0.4265 

0.8518 

1.2748 

1.6943 

2.1092 
2.5183 
2.9205 
3.3146 
3.6997 

4.0746 
4.4384 
4.7900 
5.1285 
5.4529 

5,7624 
6.0581 
6.3332 
6.5930 
6.8346 

7.0575 
7.2611 
7.4447 
7.6080 
7.7505 

7.8715 
7,9711 
8.0490 
8.1046 
8.1380 
-8.1493 



42 jS Cephei 



m« -1.1687 
n~49«48' 



236,9 
236,3 
235,0 
233,1 
230,5 

227,3 
223,4 
218,9 
213,9 
208,3 

202,1 
195,3 
188,1 
180,2 
171,9 

163,2 
153,9 
144,3 
134,2 
123,8 

113,1 
102,0 
90,7 
79,2 
67,2 

55,3 
43,3 
30,9 
18,6 
6,3 



; Cygni 



-0.0000+ 
0.4066 
0.8120 
1.2153 
1.6152 

2.0107 
2.4007 
2.7841 
3.1598 
3.5270 

3.8844 
4.2312 
4.5664 
4.8890 
5,1983 

5.4933 
5.7732 
6.0374 
6.2851 
6.5154 

6.7279 
6.9220 
7.0971 
7.2527 
7.3886 

7.5040 
7.5989 
7.6731 
7.7261 
7.7580 
-7.7687 + 



Diff. 
for 10' 



m- -7.6494 
=46° 41' 



225,9 
225,2 
224,1 
222,2 
213,7 

216,7 
213,0 
208,7 
204,0 
198,6 

192,7 
186,2 
179,2 
171,8 
163,9 

155,5 
146,8 
137,2 
127,9 
118,1 

107,8 
97,3 
86,4 
75,5 
64,1 



—0,0000+ 
0.4003 
0.7996 
1.1966 
1.5904 

1.9798 
2.3638 
2.7413 
3,1113 
3.4728 

3.8247 
4.1662 
4.4962 
4.8139 
5.U85 

5.4089 
5.6846 
5.9447 
6.1886 
6.4153 

6.6246 
6.8157 
6.9881 
7.1413 
7.2751 



52,7 
41,2 
29,4 
17,7 
5,9 



v. Cephei 



Diff. 
forlC 



Argumut 

(8+«) 



224,4 
221,8 
220,6 
218,8 
216,3 

213,3 
209,7 
205,6 
200,8 
195,5 

189,9 
183,3 
176,5 
169,2 
161,3 

153,2 
144,5 
135,5 
125,9 
116,3 

106,2 
95,8 
85,1 
74,3 
63,1 

51,9 
40,6 
29,0 
17,4 



180 360 
183 357 
186 354 
189 351 
192 348 

195 345 
198 342 
201 339 
204 336 
207 333 



7.3887 
7.4822 
7.5553 
7.6075 
7.6389 
-7.6494+ 



|3 Cephei 



210 330 
213 327 
216 324 
219 321 
222 318 

225 315 
228 312 
231 309 
234 306 
237 303 

240 300 
243 297 
246 294 
249 291 
252 288 

255 285 
258 282 
261 279 
264 276 
267 273 
270 270 

(& + ■) 
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TABLE VII. Lunar Nutation in Declination. 



m. sin ( 


43 a Aquarii 


44 Fomalhaut 


ill ~" I *<3*J i« 


Diff. 


6.9328 


Diff. 


n-38°37' 


for lO* 




for 10' 


u 

—0.0000+ 


213,7 


It 

—0.0000+ 


201,6 


0.3847 


213,2 


0.3628 


201,1 


0.7684 


212,0 


0.7247 


199,9 


1.1500 


210,2 


1.0845 


198,3 


1 fiQQA 
1 • OZo4 


207,9 


1 dd.id 


196,1 


1.9027 


204,9 


1.7944 


193,3 


2.2716 


201,6 


2.1423 


190,1 


2.6345 


197,5 


2.4845 


186,3 


2.9900 


193,0 


2.8198 


182,1 




io/,y 


3.1475 


177.2 


3.6756 


182,3 


3*4664 


171,9 


4.0038 


176,2 


3.7759 


166,2 


4.3210 


169,6 


4.0750 


159,9 


4.6263 


162,6 


4.3629 


153,4 


A Q 1 on 


100,1 


4.6390 


145.1 


5.1980 


147,2 


4.9022 


138,8 


5.4630 


138,8 


5.1520 


131,0 


5.7129 


130,2 


5.3878 


122,8 


5.9473 


121,1 


5.6088 


114,2 


6.1652 


111,7 


5.8143 


105,4 


6.3663 


102,1 


6.0040 


96,2 


6.5500 


92,1 


6.1772 


86,8 


6.7157 


81,8 


6.3334 


77,2 


6.8629 


71,4 


6.4723 


67,4 


6.9915 


60,7 


6.5936 


57,2 


7.1007 


49,9 


6.6965 


47,1 


7.1905 


39,0 


6.7813 


36,8 


7.2607 


27,9 


6.8475 


26,3 


7.3109 


16,8 


6.8948 


15,8 


7.3411 


5,6 


6.9232 


5,3 


—7.3512+ 




-6.9328+ 




a Aquarii 


Fomalhaut 



Argument 

(& + n) 



45 a Pegasi 



46 a Andromeda 



m= -6.8819 Diff. 
n=20°58' for Iff 



m= -6.6825 Diff. 
n«0°8' for 10' 



Argument 



0 180 
3 177 
6 174 
9 171 
12 168 

15 165 
18 162 
21 159 
24 156 
27 153 

30 150 
33 147 
36 144 
39 141 
42 138 

45 135 
48 132 
51 129 
54 126 
57 123 

60 120 
63 117 
66 114 
69 111 
72 108 

75 105 
78 102 
81 99 
84 96 
87 93 
90 90 



-0.0000+ 
0.3602 
0.7193 
1.0766 
1.4308 

1.7812 
2.1266 
2.4663 
2.7991 
3.1244 

3.4410 
3.7482 
4.0451 
4.3309 
4.6049 

4.8662 
5.1142 
5.3482 
5.5676 
5.7717 

5.9599 
6.1318 
6.2869 
6.4248 
6.5452 

6.6474 
6.7315 
6.7972 
6.8442 
6.8724 
-6.8819+ 



200,1 
199,5 
198,5 
196,8 
194,7 

191,9 
188,7 
184,9 
180,7 
175,9 

170,7 
164,9 
158,8 
152,2 
145,2 

137,8 
130,0 
121,9 
113,4 
104,6 

95,5 
86,2 
76,6 
66,9 
56,8 

46,7 
36,5 
26,1 
15,7 
5,3 



-0.0000+ 
0.3498 
0.6985 
1.0454 
1.3894 

1.7296 
2.0650 
2.3948 
2.7180 
3.0338 

3.3413 
3.6396 
3.9279 
4.2054 
4.4715 

4.7252 
4.9660 
5.1933 
5.4063 
5.6044 

5.7872 
5.9542 
6.1048 
6.2386 
6.3555 

6.4548 
6.5364 
6.6002 
6.6458 
6.6733 
-6.6825+ 



194,3 
193,8 
192,7 
191,1 
189,0 

186,3 
183,2 
179,6 
175,4 
170,8 

165,7 
160,2 
154,2 
147,8 
140,9 

133,8 
126,3 
118,3 
110,1 
101,6 

92,8 
83,7 
74,3 
64,9 
55,2 

45,3 
35,4 
25,3 
15,3 
5,1 



(&+») 
Argument 



a Pegasi 



a Andromeda 



180 360 
183 357 
186 354 
189 351 
192 348 

195 345 
198 342 
201 339 
204 336 
207 333 

210 330 
213 327 
216 324 
219 321 
222 318 

225 315 
228 312 
231 309 
234 306 
237 303 

240 300 
243 297 
246 294 
249 291 
252 288 

255 285 
258 282 
261 279 
264 276 
267 273 
270 270 

(& + «) 
Argument 
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Table* for computing the apparent Places of the forty four principal Fixed Stars. 



TABLE VIII. 

Argument. (2© + «") 







Diff. 
for 1° 




o 
0 


o 

180 


-0.0000+ 


97 


o 

180 


360 


5 


175 


.0485 


96 


185 


355 


10 


170 


.0965 


95 


190 


350 


15 


165 


.1439 


92 


195 


345 


20 


160 


.1901 


90 


200 


340 


25 


155 


.2349 


86 


205 


335 


30 


150 


.2779 


82 


210 


330 


35 


145 


.3188 


77 


215 


325 


40 


140 


.3573 


72 


220 


320 


45 


135 


.3931 


65 


225 


315 


50 


130 


.4258 


59 


230 


310 


55 


125 


.4553 


52 


235 


305 


60 


120 


.4814 


45 


240 


300 


65 


115 


.5038 


37 


245 


295 


70 


110 


.5224 


29 


250 


290 


75 


105 


.5369 


21 


255 


285 


80 


100 


.5474 


13 


260 


280 


85 


95 


.5538 


4 


265 


275 


90 


90 


-0.5559 + 




270 


270 



For the value of n" see Table X. 



TABLE IX. 

Argument. (2 « + ft'") 







' Diff 1 . 
for 1° 


I 


o 












0 


180 


+0.0000- 


15 


180 


360 


10 


170 


.0146 


14 


190 


350 


20 


160 


.0288 


13 


200 


340 


30 


150 


.0420 


12 


210 


330 


40 


140 


.0540 


10 


220 


320 


50 


130 


.0644 


8 


230 


310 


60 


120 


.0728 


6 


240 


300 


70 


110 


.0790 


4 


250 


290 


80 


100 


.0828 


1 


260 


280 


90 


90 


+0.0840— 




270 


270 



For the value of n" see Table X. 



TABLE X. 



Names of the 


j allies Ol 




Stars. 


n" and w w 


1 


y Pegasi 


358° 47' 


2 


a Cassiop. 


351 35 


3 


Polaris 


345 25 


4 


a Arietis 


328 26 


5 


a Ceti 


314 11 


6 


a Persei 


309 30 


7 


Aldebaran 


291 42 


8 


Capella 


282 51 


9 


Rigel 


282 20 


10 


/3Tauri 


280 13 


11 


a Orionis 


273 13 


12 


Sinus 


261 21 


13 


Castor 


250 40 


14 


Procyon 


249 6 


15 


Pollux 


248 3 


16 


a Hydrae 


222 39 


17 


Regulus 


212 22 


18 


a Ursae Major. 


198 7 


19 


/3 Leonis 


185 21 




/3 Virginis 


184 57 


21 


y Ursae Major. 


184 8 


22 


spica Virginis 


159 21 


23 


Ursae Major. 


152 50 


24 


Arcturus 


145 45 


25 
26 


> «• Librae 


137 10 


27 


j3 Ursae Minor. 


134 42 


28 


a Cor. Bor. 


125 45 


29 


a Serpentis 


123 42 


30 


An tares 


113 24 


31 


a HercuKs 


102 13 


32 


a Ophiuchi 


97 34 


33 


y Draconis 


91 41 


34 


a JLyrae 


82 51 


35 


y Aquilae 


67 16 


36 


a Aquilae 


66 15 


37 


/3 Aquilae 


65 12 


38 
39 


J a 9 Capricor. 


60 2 


40 


a Cygni 


53 29 


41 


a Cephei 


43 50 


42 


/3 Cephei 


40 49 


43 


a Aquarii 


32 57 


44 


Fomalhaut 


19 27 


45 


a Pegasi 


17 17 


46 


a Andromeda; 


0 6 


Names of the 


Values of 




Stars. 


rtfandV" 



Digitized by 



REPORT OF THE COUNCIL OF THE SOCIETY 

TO TQE 

THIRD ANNUAL GENERAL MEETING 



February 14, 1823. 



The Council of the Astronomical Society have great pleasure in being able 
to make a Report of the most favourable nature upon the affairs and prospects 
of the Society, which is in a most flourishing condition, and such a one as 
convinces them of the high estimation in which it is held by the public, and 
of the necessity which existed for its formation, as pointed out in their ori- 
ginal Address. 

When they last had the honour of addressing you, the total number of 
Members and Associates elected amounted to 188, since which time 22 names 
have been added to the list, and seven are now waiting for election ; making 
a total of 217 proposed and elected; among whom will be recognised the 
names of almost all the most eminent Astronomers of the continent, who have 
not only joined the Society as Associates, but, from the number and value of 
their respective communications, have proved their zeal for its welfare, and 
their readiness to advance its objects. 

While they thus exult in the number of valuable acquisitions the Society 
has gained, they cannot help, on the other hand, adverting with the deepest 
regret and sorrow to the severe losses which the Society has sustained since its 

VOL. I. PART II. 3 T 
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last General Meeting, in the death of their much esteemed and never-to-be- 
forgotten President, as well as several of its most valued Members, by which 
the number of effective Members and Associates has been reduced to 187. 
Though deprived of the personal exertions of Sir William Herschel by his 
age, and the distance of his residence froih London, his name was so inti- 
mately connected with the progress of modern Astronomy, and the science 
~ had been so eminently enriched by his discoveries dnd researches, that it 
could not fail to shed a lustre upon the Society over which he presided ; and 
when to this name is added those of Sir Henry Englefield, Dr. Hutton, 
Delambre, and Professor Tralles (an Associate elect, who was cut off but 
a few days previous to, his election), they feel confident that the Society 
will sympathize with them in the loss of such justly esteemed and highly 
valuable Members. 

Since the last General Meeting, the Society has sent forth the first volume 
of its Memoirs to its Members and the Public ; and the Council trust that the 
matter it contains, as well as the manner in which it has been printed and 
sold, must give general satisfaction to the Members. They now possess suf- 
ficient valuable and interesting papers to commence the publication of a 
second volume, which will appear with all convenient expedition. 

In their last Report, the Council stated that a Committee had been ap- 
pointed for the purpose of procuring the calculation of tables for determining 
the apparent places of the 46 principal fixed stars. 

These computations, having since been made and completed, will form part 
of their next publication * ; and in the mean time they have printed a set of 
tables of the apparent places of 36 stars for the first four months of the year, 
which it was the wish of the Council should have appeared with the com- 
mencement of the present year ; but some unavoidable delays have occurred 
which have prevented their laying a copy of them before you until the present 
time, and they will shortly be ready for distribution among such Members of 
the Society as may apply for them. 



* These tables will be found at page 421 of the present volume. 
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The library of the Society has been very considerably augmented by the 
liberal donations of its Members and others ; and the Council are happy to 
state that the purchase of some of the periodical works mentioned in their last 
Report has been discontinued, from those works having been regularly pre- 
sented by their respective authors or publishers ; so that they hope shortly to 
open an Astronomical Library of no small interest or value to the Members, 
and are sorry that this has hitherto been prevented by the inconvenience oF 
their present premises for such a purpose; and although a Committee has 
been appointed to search for other more suitable rooms, yet in the present 
infant state of the Society it has been thought better to submit to a temporary 
inconvenience than increase the expenditure of the Society's funds. 

The Council are however happy in being able to state, that the finances of 
the Society are in a flourishing condition, as will appear by the Report of the 
Auditors upon the accounts of the Treasurer, which will be read. The 
printing of the Memoirs of the Society has been one of its heaviest expenses ; 
but from the number of volumes already sold, there is every reason to believe 
that this expense will be greatly, if not wholly, returned. 

A list of the papers that have been read since the last General Meeting is 
also subjoined : many of these are of great importance, and will be published 
in the next volume of Memoirs * ; and the Council take this opportunity of 
calling generally upon its Members and Associates to fulfil the objects of the 
Institution by every means in their power. Isolated facts or observations can 
be of no use to any one ; but if transmitted to a Society, as to a focus where 
they will be registered and compared, they may become important. The en- 
tire examination of the heavens is beyond the power of any individual : but on 
dividing the labour, the difficulty vanishes ; and while our continental neigh- 
bours are each taking charge of the examination of a small portion of the vi- 
sible heavens, so as to produce a general scrutiny by their conjoint labours, the 
Council are convinced that the Astronomical Society of London will not suffer 
itself to be called upon in vain to partake in this highly useful labour. 



* The major part of these Papers will belbund in the present volume. 
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The Council cannot conclude this Report without expressing to the Society 
their regret at the retirement of their late Secretary, Mr. Baily, who by his 
unwearied exertions in conducting the affairs of the Society, as well during 
its infancy as by his valuable contributions to its Memoirs, has essentially 
assisted in bringing it to its present prosperity. 

The Society will doubtless approve of a resolution of the Council, by which 
they directed their Secretary to write to Mr. Baily, requesting him to attend 
their meetings during the remainder of the year, as well as adequately appre- 
ciate the promptness with which he complied with their request. 
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REPORT OF THE COUNCIL OF THE SOCIETY 



TO THE 

FOURTH ANNUAL GENERAL MEETING 
February 13, 1824. 



In meeting you at this, the fourth annual general assembly of the Astro- 
nomical Society of London, the Council have great pleasure in announcing 
the prosperity of the Society's affairs, and the importance into which it has 
risen in the estimation of men of science. No pains have been spared 
by the Council to promote its utility; and the measures that have been 
adopted with this view, are such as, they have no doubt, will meet your 
cordial support and approbation. 

Short, comparatively, as has been the duration of the Society, it has 
called forth many ingenious and highly valuable papers from its Members 
and others, which, but for its existence, might never have been given to the 
world ; these have been read at the several Meetings, and a list of them is 
subjoined. (See the note in page 499.) 

A spirit of research has in this way been excited, from which the greatest 
benefits may be expected to arise to the science of Astronomy ; and as the 
Society has kept the practical, as well as the theoretical branches of its 
object constantly in view, several important improvements in instruments, 
as well as in their application, have been developed and explained. 
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Desirous of contributing to the extension of Astronomical science, the 
Society not only suggested many objects of research and investigation in its 
first Address to the public, but it likewise proposed a distinct prize question 
in physical Astronomy, as an honorary object of reward. The same ques- 
tion has been continued until the present time ; but not having been an- 
swered, will now be replaced by others of like importance to the advancement 
of the science *. 

The Council being pledged, by the terms of their first Address, to take 
notice of important discoveries and investigations, connected either mediately 
or immediately with Astronomy, felt no inclination to overlook such in- 
ventions as that of their own distinguished member, Mr. Babbage, or such 
investigations and discoveries as those of Professor Encke, or Dr. Rumker, 
and M. Pons. It has therefore been unanimously determined, that the 
Honorary Gold Medal of this Society shall be presented to Charles Babbage, 
Esq., as a token of the high estimation in which the Society holds his in- 
vention of an engine for calculating Mathematical and Astronomical tables 
that a similar Gold Medal shall also be presented to Professor J. F. Encke, 
for his investigations relative to the comet which bears his name, and which 
led to the re-discovery of it in 1892 and, further, that the Silver Honorary 
Medal of the Society shall i be presented to Dr. Karl Rumker, for the re- 
discovery of this comet in the year mentioned; and that the Society's 
Silver Medal shall be presented to M. Jean Louis Pons, for the discovery 
of two comets on the 3 1st of May, and 13th of July, 1822, as well as for his 
indefatigable assiduity in that department of Astronomy ; and it having been 
previously determined, that all Honorary Medals, or rewards, shall be pre- 
sented to the parties in person, or to- their < proxies, at the Anniversary of the < 
Society, next following the time when they shall be respectively awarded, 
such Medals will be so presented by the Chairman on this day. 

The Council beg further to state, that application was made through 
one of their members, by Commodore Krusenstern, to furnish Astronomical 
instructions for Captain Kotzebue, in his intended voyage of exploration, 
first towards the south, and then towards the north pole, by order of His 



The new prize questions will be found at the end of the present Report. 
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Majesty the Emperor, of Russia. This requisition was cheerfully cdm- 
phed with, and instructions were furnished to Captain Kotzebue, who 
touched upon England, in the progress of his voyage, in the month of Sep- 
tember last. 

The Council have instituted some experiments on the properties of glass, 
for the formation of the object lenses of refracting telescopes. With this 
view a 30-inch telescope was constructed of some foreign glass for a trial 
of it, .by Mr. Tulley. The result ^vas satisfactory, and the telescope has 
since been sold to one of the Members. Three other pieces of glass, 
presented to the Society by M. Guineand of Neufchatel, (one of which 
is of very large' dimensions, and promising aspect,) are now undergoing 
trial in the hands of a Committee, to whom the examination of their me- 
rits has been referred. 

The Council also announce, that they have, at considerable expense, 
caused a set of original tables to be computed, for the purpose of de- 
ducing the apparent places of the 46 Greenwich stars, from the year 1820 
to 1840, or to a later period, by means of subsidiary reductions. These 
tables, which are eight in number, will be printed in the ensuing part 
of the volume of the Society's Memoirs; and will, the Council have no 
doubt, be found of high importance to the practical Astronomer. To these 
tables are prefixed adequate explanations and precepts, as given, with his 
accustomed precision and taste, by your Foreign Secretary *. 

The Council regret that it is not in their power to lay the concluding 
• part of their first volume before you on this day; but some unavoidable 
circumstances have occurred to render it impracticable. 

On this account they have determined upon extending the first volume 
to the period of the present Anniversary, instead of closing it with the 
end of the last session in June 1823, as was first intended. It will there- 
fore contain all the papers and communications, which the Council have 
deemed it expedient to publish, up to the date of this Anniversary. Prom the 



* This paper will be found at page 421. 
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present forward state of the printing, the Council hope that the second 
fasciculus, now adverted to, will be ready for delivery to the Members 
and the Public within one month from this time ; and they doubt not that its 
contents will be found highly interesting and useful. To the close of it will 
be subjoined a correct list of the Members and Associates, together with the 
Officers and Council for the ensuing year, as elected by you this day ; likewise 
a list of the presents made to the Society up to this time. 

The Council take this opportunity of announcing to the Members and As- 
sociates in general, that from the period of the present anniversary, they have 
resolved upon a new method of publishing the communications that may be 
made to them ; that is to say, instead of withholding them, as heretofore, till the 
end of the year or season, to form a complete volume or part, each individual 
paper or communication will be printed and published separately, without re- 
ference to the others, as soon as it has been read, and its publication deter- 
mined on. An uniformity of size, type and paper, and the appropriate succes- 
sion of pages will be preserved ; while at the close of the year, or whenever 
the Council may find it expedient, a title-page, preface and index, will be 
printed, for the purpose of binding the papers into volumes. The Council 
feel confident that this arrangement will meet with the sanction and approba- 
tion of the Members, and that it will prove alike beneficial to the public and 
to the interests of the Society : it will evidently afford the means of speedy 
distribution to much important astronomical information and discussion, which 
in many cases is of so temporary a nature as to lose its utility and interest 
unless it obtain immediate circulation. Independently of which, the Members 
and the public will have an opportunity of availing themselves of such papers 
only as may be interesting to them, without the purchase of the whole : at the 
same time that a sufficient number of entire sets will be preserved for those who 
may wish to possess the Memoirs in that form. 

With respect to the number of Members and Associates of the Society, a 
gratifying progressive change has taken place since the last anniversary. 
There are at this time 179 Members of the Society and 22 Associates, exclu- 
sive of the loss which the Society has to lament of 3 of its esteemed Mem- 
bers and one Associate by death, and 5 Members who have resigned ; making 
the total number of Members greater by 12, and of Associates greater by 2, 
than it was at the preceding anniversary Meeting. 
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r On adverting to the deprivations which the Society has suffered by death, 
the name of Lieut.-Golonel William Lambton of Madras, as a Member, and 
of Doctor Henry John Walreck of Abo, as an Associate, cannot be passed 
over in silence. The former of these gentlemen, Lieut-Colonel William 
Lambton, was more than twenty years engaged on a trigonometric survey and 
measurement of an arc of the meridian extending northward from the southern 
extremity of India, and which had been completed by him from the eighth to 
the eighteenth degree of N. latitude, in the able and scientific manner de- 
scribed by. Colonel Lambton himself in his successive papers in the Transac- 
tions of the Asiatic Society. 

The important labour had been further prosecuted beyond the twentieth 
degree, and was still in progress at the time of the Colonel's decease. This 
great work, embracing the largest continuous arc yet measured on the surface 
of the earth, was undertaken by the Government at his express suggestion 
and recommendation, and was executed by him with indefatigable industry 
and eminent ability, amidst all the difficulties incident to an enterprise of this 
nature in a country so remote from the ordinary resources of instrumental 
assistance. His communications on the subject of this great performance, 
which was the occupation of his life, fill a distinguished place in the Trans- 
actions of the Asiatic Society of Calcutta. They reflect great credit on his 
scientific attainments; and entitle him to the respectful remembrance of as- 
tronomers. 

This Society will derive some consolation from knowing that the further 
prosecution of this important work will not be relinquished. It has devolved 
on Captain Everest, one of our Members, from whom a communication on a 
geodetical subject has been received, and is inserted in the forthcoming vo- 
lume of the Memoirs of this Society *. It may be confidently expected that the 
measurement of a meridional arc will be prolonged as far northward as the 
British authority in India extends ; and it may be hoped that it will be com- 
pleted to an uninterrupted portion of more than twenty degrees. 

Doctor Henry John Walbeck was at the head of the astronomical obser- 
vatory at Abo. The distinguished abilities and industry which he had mani- 



* This communication will be found at page 255 of the present volume. 
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fested, afforded the promise of valuable results of his diligence everted in the 
most northern observatory of Europe : and his loss must be deplored in pro- 
portion to the expectation justly formed of his talents and assiduity. 

i There is a progressive improvement in the funds of the Society, as will ap- 
pear from . the statement of accounts this day delivered by the Treasurer, and 
the report of the Auditors appointed to examine the same, which the Council 
have directed shall be laid before you and read at the close of this Report. 
The library has likewise received many valuable acquisitions, through the 
liberality of numerous donors, of whom several are Members of the Society > 
and others, lovers of astronomical science, who take an interest in its welfare. 

• The Council cannot conclude their Report without expressing their regret 
at the loss of the valuable assistance of Mr. Babbage as one of their Secre- 
taries ; but they feel assured that you will cordially join them in offering him 
the best thanks of the Society for his exertions and the many services he 
has rendered in that capacity, at the same time that you will approve the 
request the Council made to him of attending their meetings and lending his 
assistance as often as convenient; a request, with which he has most 
obligingly complied. 

Enrolling amongst its Members and Associates, as the Astronomical Society 
now does, a considerable proportion of the most able astronomers in Great 
Britain and its Colonies, and several of the most distinguished astronomers in 
Europe; receiving frequent communications from 'its Foreign Associates, on 
the most interesting topics connected with the theory and practice of the 
science ; holding out inducements, as well to sedulous observers, as to profound 
investigators, by its prize questions ; and aiming to -promote a liberal inter* 
change of correspondence with institutions formed for kindred purposes in 
every part of the world, your Council cannot but entertain the hope that each 
successive year in the history of the Society wUl witness the extension of its 
utility as well as of its prosperity ; and prove that it has Jjeen decidedly instru- 
mental in increasing the facilities of the observer, enlarging the Boundaries 
of physical theory, or adding to the catalogue, already rich and splendid, of 
astronomical facts. 
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PRIZE QUESTIONS 

ALLUDED TO IN THE PRECEDING REPORT. 



1st. — The Silver Medal. 

To any person, who shall contrive and have executed an Instrument, by 
which the relative magnitudes of the stars may be measured or deter- 
mined, and the utility of which for this object shall be sufficiently esta- 
blished by numerous observations and comparisons of known stars. 

2nd. — The Gold Medal. 

For approved Formulae for determining the true places of either of the 
four newly discovered planets, Ceres, Juno, Vesta and Pallas, within such 
limits as the Council may think sufficiently correct for the present state of 
Astronomy. Such formulas in each case to be accompanied with comparisons 
of the observed places, at various periods. 

3rd. — The Gold Medal. 

For a new mode of developing the differential equation for expressing the 
Problem of the three bodies, by which a smaller number of tables shall be 
required, in order to compute the Moon's place to the same degree of accu- 
racy as by any existing tables, and with greater facility. 



To be entitled to a competition for the Three Prizes, or either of them, 
the answers must be received as follows, viz. : 

To the 1st Prize, before February 1, 1836. 
2nd ... 1827. 
3rd ... 1828. 
3u2 
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HENRY THOMAS COLEBROOKE, Esq.. F.R.S. 
President of the Astronomical Society of London, 
ON PRESENTING THE HONORARY MEDALS OF THE SOCIETY 

TO THE SEVERAL PERSONS TO WHOM THEY HAD BEEN AWARDED. 



On presenting the Gold Medal to Charles Bab babe, Esq. F.R.S. 

THIS country and the present age have been pre-eminently distinguished 
for ingenuity in the contrivance, or in the improvement, of machinery. In 
none has that been more singularly evinced, than in the instance to which I 
have the gratification of now calling the attention of the Society. The inven- 
tion is as novel, as the ingenuity manifested by it is extraordinary. 

In other cases, mechanical devices have substituted machines for simpler 
tools or for bodily labour. The artist has been furnished with command of 
power beyond human strength, joined with precision surpassing any ordi- 
nary attainment of dexterity. He is enabled to perform singly the work of a 
multitude, with the accuracy of a select few, by mechanism which takes the 
place of manual labour or assists its efforts. But the invention, to which I am 
adverting, comes in place of mental exertion : it substitutes mechanical per- 
formance for an intellectual process : and that performance is effected with 
celerity and exactness unattainable inordinary methods, even by incessant 
practice and undiverted attention. 

The invention is in scope, as in execution, unlike any thing before accoin- 
pkshed to assist operose computations. I pass by, as what is obviously quite 
different, the Shwanpan, or Chinese abacus, the tangible arithmetic of Frend, 
Napier's rods, with the ruder devices of antiquity, the tallies, the checque, 
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and the counters. They are unconnected with it in purpose, as in form. Me- 
chanical aid of calculation has in truth been before proposed by very eminent 
persons. Pascal invented a very complicated instrument for the simplest 
arithmetical processes, addition and subtraction, and reaching by very tedious 
repetition to multiplication and division . Leibnitz proposed another, of which 
the power extenda no further. Delepine's and Boitissendeau's contrivances, 
which a century ago wrere applauded by the Academy of Sciences at Paris, are 
upon the model of Pascal's, and may no doubt be improvements of it, but do 
not vary or enlarge its objects. M oreland's instruments, described in an early 
volume of the Philosophical Transactions (the 8th), are confined, the one to 
addition and subtraction, the other to multiplication. The Rotula Arithmetica 
of Brown, simpler in construction, reaches not beyond the four arithmetical 
operations. 

The principle, which essentially distinguishes Mr. Babbage's invention 
from all these, is, that it proposes to calculate a series of numbers following any 
law by the aid of differences; and that, by setting * few figures at the outset, 
a long series of numbers is readily produced by a mechanical operation. The 
method of differences,, in a very wide sense, is the mathematical principle of 
the contrivance. < A machine to add & number of arbitrary figures together is 
no economy of time or trouble ; since each individual figure must be placed in 
the machine. But it is otherwise when those figures follow some law. The 
insertion of a few at first determines the magnitude of the next ; and these of 
the succeeding.. • It is this .constant repetition of similar operations, which 
renders the computation of tables a fit subject for the application of machinery. 
Mr. BABftAGiE's invention puts an engine in the place of the computer. The 
question is set to the instrument ; or the instrument is set to the question; 
and, by simply giving It motion, the solution is wrought and a string of an- 
swers is exhibited. 

Nor is this all ; for the machine may be rendered capable of recording its 
answer, and even multiplying copies of it. The usefulness of the instrument 
is thus more than doubled : for it not only saves time and trouble in transcri- 
bing results into tabular for m> and setting types for the printing of the table 
constructed with them, but it likewise accomplishes the yet more important 
object of ensuring accuracy, obviating numerous sources of error through the 
careless hands of transcribers and compositors. 
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On this part of the invention, which is yet a subject of experiment for the 
selection of the most eligible among divers modes of accomplishing it, I shall 
not dwell longer ; aa it is not for that sup^raddkion, but for the machine in the 
finished form of a calculating instrument, that I am to make an acknowledge- 
ment/ in the iiame of this Society, to Mr. Babbage for his very useful in- 
vention. * • 

I speak of it as complete with reference to a model which satisfactorily ex- 
hibited the machine's performance, and am apprised that a more finished en- 
gine, which is in progress of preparation, may not yet for some time be in a 
forward state to be put in activity and receive its practical application. 

In no department of science or of the arts, does this discovery promise to be 
so eminently useful as in thfct of astronomy and its kindred sciences, with the 
various arts dependent on them. In none are computations more operose 
than those which astronomy in particular requires : in none are preparatory' 
facilities more needful : in none is error more detrimental. The practical as- 
tronomer is interrupted in his pursuit, is diverted from his task of observation, 
by the irksome labour of computation ; or his diligence in observing becomes 
ineffectual for want of yet greater industry of calculation. Let the aid, which 
tables previously computed afford, be furnished to the utmost extent which 
mechanism has made attainable through Mr. Babbage's invention, the most 
irksome portion of the astronomer's task is alleviated, and a fresh impulse is 
given to astronomical research. 

Nor is it among the least curious results of the ingenious device, of which 
I am speaking, that it affords a new opening for discovery ; since it is appli- 
cable, as has been shown by its inventor, to surmount novel difficulties of ana- 
lysis. Not confined to constant differences , it is available in every case of 
differences that follow a definite law, reducible therefore to an equation. An 
engine, adjusted to the purpose, hieing set to work, will produce any distant 
term, or succession of terms, required : thus presenting the numerical solution 
of a problem, even though the analytical solution of it be yet undetermined. 

It may not therefore be deemed' too sanguine an anticipation, when I ex- 
press the hope, that an instrument, which in its. simpler form attains to the 
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extraction of the roots of numbers and approximates to the roots of equations, 
may in a more advanced state of improvement rise to the approximate solution 
of algebraic equations of elevated degrees. I refer to solutions of such equa- 
tions proposed by La Grange, and more recently by other analysts, which in- 
volve operations too tedious and intricate for use, and which must remain 
without efficacy, unless some mode be devised of abridging the labour or facili- 
tating the means of its performance. In any case this engine tends to lighten 
the excessive and accumulating burden of arithmetical application of mathe- 
matical formulae, and to relieve the progress of science from what is justly 
termed by the author of this invention, the overwhelming incumbrance of nu- 
merical detail. 

For this singular and pregnant discovery, I have the authority of the Astro- 
nomical Society of London to present to Mr. Babbage, its Gold medal, which 
accordingly I now do, as a token of the high estimation in which it holds his 
invention of an engine for calculating mathematical and astronomical tables. 



On presenting the Gold Medal to Professor Encke, and the Silver Medal to 

Dr. P. K. Rumker. 

The greatest step which has been made in the astronomy of comets, since 
the verification of Halley's comet, which reappeared in 1759, has been the 
identifying of Encke's comet, at once determined by the evidence of its fre- 
quent appearance within short periods, and already confirmed by its re- 
discovery in a distant hemisphere. 

It is scarcely to be doubted, that other, many other, like bodies, moving 
through very eccentric orbits, in short periods, belong to our solar system. 
Though Lexell's comet has not been again observed since 1770, it is not 
therefore to be despaired of. More extended, more diffused diligence may 
yet detect it, if in truth it has not ceased to be capable of becoming lumi- 
nous. Nor is it an over-sanguine expectation, which counts upon more dis- 
coveries of the like nature. It is not likely that Encke's should be solitary of 
its kind ; the only one revolving in a short period ; or the only visible one. 
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The Astronomical Society is desirous of drawing the attention of observers, 
in an especial manner, to this department of research ; with the confidence 
that increased vigilance cannot fail of being rewarded by abundant discovery ; 
and I may here take leave to remark, that multiplied observations at very re- 
mote stations, determining a greater portion of a comet's orbit, will tend to the 
earlier and more precise ascertainment of its period. 

In this view, as in so many others, the establishment of observatories at the 
Cape of Good Hope, and Australasia, has been matter of congratulation with 
astronomers : and I have peculiar satisfaction in being authorized to acknow- 
ledge the service rendered to astronomical science by the re-discovery of 
Encke's comet in 1822 at the observatory at Paramatta; and to present to 
Dr. P. Karl Rumrer, the superintendant of that observatory, the Society's 
medal on this account? at the same time that I present, in the Society's name, 
its medal to Professor Encke for the previous investigations relative to that 
comet, and which led to the re-discovery of it. 



On presenting the Silvei* Medal to M. Pons. 

s 

'No name has more frequently recurred in the history of comets, than that 
of M. Pons ; and from the very commencement of the present century, he has 
been in almost exclusive possession of the first discovery of telescopic comets. 
At Marseilles, while joint director of the observatory at that place, he disco- 
vered more than twenty comets ; being the first to see the greatest number of 
them, a very few only having been likewise and independently noticed as early 
by other observers. His vigilance did not remit, nor has his diligence been 
unrewarded at Marlia, where he was invited to superintend a new observatory. 
Previously to his departure from Marseilles he had made the memorable re- 
discovery of the comet which bears Encke's name; and his arrival at Marlia 
% was signalized by the detection of another comet. In a recent period he has 
been yet more successful, having discovered no less than three comets in the 
year 1822, with his usual privilege of priority in respect of two of them, 
under every disadvantage in regard to instruments, joined with other discou- 
raging circumstances, which, it may be feared, have since too much operated, 
and which the Society most earnestly desire to see removed. The services 
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which M. Pons has rendered to this branch of astronomical science, have 
been acknowledged by the Royal Academy of Sciences at Paris adjudging 
to him a prize for the re-discovery of Encke's comet in 1818, and sharing 
between him and M. Nicollet a prize for the comet discovered in January 
1821. 

Had equal diligence been devoted to this research by other observers at re- 
mote stations and in various climates, it is highly probable that a greater num- 
ber of comets might have been detected in the last age ; and it may be pre- 
sumed, that increased vigilance in time to come will be recompensed with en- 
larged knowledge of comets, and with correspondent advancement in this 
branch of science. 

The Council of the Astronomical Society, desirous of marking their sense of 
the services rendered by M. Pons, both in acknowledgement to him for his 
usefulness and with hope that his example may be followed by others, have 
resolved to present to him the silver medal of the Society ; which accordingly 
I now do, in their name and in that of the Astronomical Society, as a token of 
the sense entertained of his indefatigable assiduity in that department of as- 
tronomy, and especially for the discovery of a comet on 31st May and another 
on 1st July, 1822. 
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RECEIVED BY 

THE ASTRONOMICAL SOCIETY OF LONDON. 



1822. Presents. 
March 8. The Chemical Catechism, by Samuel Parkes. London 1822. 10th 
Edition, 1vol. 8vo. 

On the Mean Density of the Earth. By Dr. Charles Hutton, 
F.R.S. 8vo. 

Rapport fait a l'Academie des Sciences, le Lundi, 4 Juin 1821, 
sur un Memoire de M. Fresnel, relatif aux coulenrs des 
lames cristallisees douees de la double refraction. 8vo. 

Harding's Himmels-charten. folio. 

Roberti Simson, M.D. Opera quaedam Geometrica. Glasguae 
1776. 1 vol. 4to. 

Tables Astronomiques, publiees par le Bureau des Longitudes de 
France, contenant les Tables de Jupiter, de Saturne etd'Ura- 
nus, construites d'apres la theorie de la Mecanique Celeste. 
Par M. A. Bouvard. Paris 1821. 4to. 



Connaissance des Terns, pour 1'An 1824. Paris 1821. 



8vo. 



April 12. Thirty Volumes of the Nautical Almanac. Various dates. 8vo. 

Histoire de 1' Astronomic moderne. Par M. Delambre. Paris 
- 1821. 2 vols. 4to. 

Astronomical Observations made at the Royal Observatory at 
Greenwich from the year 1750 to the year 1762. By the 
Rev. James Bradley, D.D. Astronomer Royal. Oxford, 
1798, 1805. 2 vols. folio. 

May 10. Elements of Captain Hall's Comet. By. J. Brinkley, D.D. in a Let- 
ter addressed to W. H. Wollaston, M.D. London 1822. 4to. 

3x2 



Donors. 
S. Parkes, Esq. 

Dr. Hutton. 

M. Fresnel. 

M. Harding. 
J. Bush, Esq. 

M . A. Bouvard. 



Le Bureau des 
Longitudes de 

France. 
Dr. Gregory. 

M. Delambre. 
Rich. Best, Esq. 



Dr. Brinkley. 
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May 10. 
June 14. 



Not. 8. 



Presents. 

Remarks on the present defective state of the Nautical Almanac. 
By Francis Baily, F.R.S. and L.S. London 1822. 8vo. 

Annalen der K. K. Sternwarte in Wien. Von J. J. Littrow, 
Erster theil. Wien 1821. folio. 

Der ort des Sterns $ Ursas Minoris in seiner oheren culmination 
fiirjedenTag der Jahre 1820, 1821, 1822, berechnet aus 
Bessels Tafeln. Dorpat 1821. 8vo. 

A new Theory of the Tides, shewing what is the immediate cause 
of the phenomenon ; and which has hitherto been overlooked 
by philosophers. By Capt. Forman, R.N. Bath 1822. 8vo. 

A Celestial Atlas, by A. Jamieson. London 1822. 1 vol. 4to. 

Astronomische Nachrichten. Nos. 2 to 12 inclusive. Altona. 4to. 

Transactions of the Cambridge Philosophical Society. Vol. 1. 
Part II. Cambridge 1822. 4to. 



Donors. 
F. Baily, Esq. 

Prof. Iittrow. 



Practical Observations on the Nautical Almanac, 
South, F.R.S. London 1822. 

Vols. 6 to 12 inclusive. Calcutta. 



By James 
8vo. 



4to. 



Asiatic Researches. 

The Universal Cambist and Commercial Instructor ; being a full 
and accurate treatise on the Exchanges, Monies, Weights 
and Measures of all trading nations and their colonies. By 
P. Kelly, LX.D. London 1821, 2nd Edition, 2 vols. 4to. 

A Practical Introduction to Spherics and Nautical Astronomy. By 
P. Kelly, L.L.D. London 1822, 5th Edition, 1 vol. 8vo. 

Edinburgh 
4to. 



Transactions of the Royal Society of Edinburgh. 
1821. Vol. 9, Part I. 



Capt. Forman. 

Dr. Gregory. 

Pr. Schumacher. 

The Cambridge 
Phil. Society. 

J. South, Esq. 

The Asiatic Soc. 
Dr. Kelly. 



F. G. W. Strove Observationes Astronomicas institutes in spe- 
cula Universitatis Caesareae Dorpatensis, publici juris facit Se- 
natus Universitatis. Volumen 1 : Observationes annorum 1814 
et 1815, una cum reductionibus. Volumen 2: Observationes 
annorum 1818 et 1819. Dorpati 1817 & 1820. 4to 

Catalogus 795 Stellarum duplicium, ex diversorum astronomorum 
observationibus congestus in specula Dorpatensi. (Ezvolu. 
mine 3 Observationum Dorpatensium. ) Dorpati 1822. 4to. 

A Letter to Sir Humphrey Davy, Bart. Pres. Roy. Soc. etc. on 
the application of Machinery to the purpose of calculating 



Roy. Soc. of 
Edinburgh. 

Prof. Strove. 



C. Babbage, 
Esq. 



gitized by 



Google 



517 



1822. Presents. Donors. 

Nov. 8. and printing Mathematical Tables j from Charles Babbage, 

Esq. M.A. F.R.S. Sec. Ast. Soc. &c. &c. 4to. 

Ephemerides Astronomicas calculadas para o meridiano do ob- Dr. Gregory, 
servatorio real da Universidade de Coimbra : para o nso do 
mesmo observatorio, e para o da navegacao Portogoeza. 
Vol. 14. Para os annos de 1821 e 1822. Coimbra 1818. 8vo. 

Astronomisches Jahrbuch fur des Jahr 1822, 1823, 1824, nebst Dr. Bode, 
einer Sammlung, der neuesten in die astronomischen Wissen. 
schaften einschlagenden Abhandlungen, fieobachtungen and 
Nachrichten. von Dr. J. E. Bode. Berlin 1819, 1820, 1821. 
3 vol. 8vo. 

Annalen der K. K. Sternwarte in Wien. von J J. Littrow. Prof. Littrow. 
Zweyter Theil. Wien 1822. folio. 

Agli Amatori della lingua e letteratura Tedesca gli Editor! delta 

Biblioteca Germanica. 8vo. 

Astronomische Beobachtungen auf der Roniglichen Universi- Prof. Bessel. 
t'ats-Sternwarte in Ronigsberg von F. W. Bessel. Achte 
Abtheilung. Vom 1. Januar bis 31. December 1822. Ko- 
nigsberg 1823. . folio. 

De observationibus astronomicis a Flamsteedio institutis disser. « 
tatio quam scripsit et auctoritate amplissimi philosophorum 
ordinis pro venia legend! in auditorio maximo d. 12 Aprilis 
1822, hora 10, publice defendet Frid. Wilh. Aug. Argelan. 
der, Phil. Dr. A.A.L.L.M. contra opppnentes Ottonem Au. 
gustum Rosenberger Curonem et Uenricum Ferdinandum 
Scherk Posnaniensem. 4to. 

Untersuchungen uber die Bahn des Grossen Cometen vom Jahre 

181 1 von Dr. Fried. Wilh. Aug. Argelander. mit einem Rup. 
fer. Ronigsberg 1822. 4to. 

Note sur quelques observations astronomiques, faites en 1821 et Prof. Gautier. 
1822, a l'observatoire de Genene. Par Alfred Gautier, Pro. 
fesseur d'Astronomie dans l'Academie de Geneve. Geneve 
1822. 4to. 

Astronomische Nachrichten. Nos. 13 to 16 inclusive. Altona. 4to. Pr. Schumacher. 



Dec 13. Connaissance des Terns, pour l'an 1825. Paris 1822. 8vo. 



Le Bureau des 
Longitudes de 
France. 
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Bid 

1852. 
Dec. 13. 



1823. 
March 14 



Astronomische Nachrichfen. 



April 11. 



May 9. 



Presents. 
Nos. 17 to 22 inclusive. Altona. 

4to. 

The quantity of solar nutation, as affecting the north polar dis- 
tances of the Fixed Stars, deduced from observation, and the 
application of this determination to confirm the conclusions 
relative to the parallaxes of certain Fixed Stars. By the 
Rev. John Brinkley, D.D. F.R.S. &c. Dublin 1822. 4to. 

Asiatic Researches, vol. 14. Calcutta A22. 4to. 

Astronomical Observations made at the Royal Observatory at 
Greenwich in the year 1820. Vol. 4, part I. folio. 

Notice N£crologique sur M. Delambre. Svo. 

Tables Astronomiques, publiees par le Bureau des Longitudes de 
France. Par M. BonvardetM. Delambre. Paris 1808. 4to. 

Transactions of the American Philosophical Society. Philadelphia, 
1786 to 1818. 8 vols. 4to - 

An Epitome of the elementary principles of Natural and Experi- 
mental Philosophy,— part the 1st. : with a copious account 
of the invention, progress, and present state of the Steam 
Engine. By John Millington, Esq. London 1823. 8vo. 

Schreiben an den Herrn Doctor W. Olbers in Bremen von H. C. 
Schumacher*, Professor in Copenhagen, R. v. D. enthaltend 
eine Nachricht uber den apparat, dessen er sich zur Messung 
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einer Kupfertafel. Konigsberg, 1822. ^Mo. 

Astronomische Abhandlungen herausgegeben von H. C. Schu- 
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